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SECTION 1 INTRODUCTION 
Skylab Ex t ravch icu la r  A c t i v i t y  (FVA) system developmmt w a s  hep,un 
under t h e  Apollo Appl i ca t ions  Program (MI'). The requirement €o r  Wh w a s  
e s t a b l i s h e d  dur ing  t h e  m i s s i o n  definition phase of t h e  Apollo Telcscoye 
Mount ( A n i ) ,  Skylab's s o l a r  phys ics  observatory.  The ATM o f f i c i a l l y  be- 
came a p a r t  of t h e  AAP des ign  i n  December 1966.  
I n i t i a l l y ,  EVA was r equ i r ed  t o  allow t h e  crew t o  s e r v i c e  t h e  
s o l a r  physics  experiments by r e t r i e v i n g  and r e p l a c i n g  t h e  film a t  i n t e r -  
v a l s  throughout t h e  mission. L a t e r ,  o t h e r  experiments were added  which 
r equ i r ed  EVA. During the Skylab mission,  EVA w a s  used f o r  s e v e r a l  o f f -  
nominal tasks added a f t e r  launch inc lud ing  t h e  Skylab sa lvage  o p e r a t i o n  
and t h e  obse rva t ions  of C o m e t  Kohoutek. 
The EVA systems des ign  changed i n  consonance with t h e  changes i n  
c o n f i g u r a t i o n  of t h e  o r b i t a l  c l u s t e r .  
w e r e  made,  each r e f l e c t i n g  t h e  then c u r r e n t  design concept f o r  t h e  
c l u s t e r .  Each time all des ign  approaches t o  t h e  t a s k s  of equipment trans- 
f e r  and works t a t ion  l o c a t i o n  were recons idered .  
des igns  changed each t i m e ,  o t h e r s  withstood t h e  re-examinations and re- 
mained e s s e n t i a l l y  unchanged. Thus, t he  i t e r a t i o n s  served t o  streiiP,then 
t h e  final des ign .  
Three d i f f e r e n t  EVA system d e s i g n s  
hlt3ough many EVA systeni 
This  r e p o r t  t r a c e s  t h e  Yar sha l l  Space F l i g h t  Center (YSFC) r o l e  i n  
t h e  development of Sk37lab 'EVA systems f rom the e a r l i e s t  concepts t o  t h e  
final as-flown c o n f i g u r a t i o n .  The lessons  l ea rned  through des ign ,  de- 
velopment, and t e s t i n g  of t h e  many approaches which resul ted i n  t h e  f lex-  
i b l e ,  s imple EVA system used on Skylab, are  indicated. 
SECTION 11. BACKGROUND 
Conceptual orbital l abora tory  s t u d i e s  r e l a t e d  t o  u s i n g  an S-IVB 
spen t  s tage  and independent A p o l l o  Telescope Mount (Am)  s t u d i e s  were 
conducted concur ren t ly  under t he  e a r l y  Apollo Extension Systems and 
A p o l l o  App l i ca t ions  Programs (AAP). Each study was r e l e v a n t  t o  Skylab 
EVA systems development. By t h e  end of 1.966, these s t u d i e s  were com- 
bined i n t o  a c l u s t e r e d  orbiting l a b o r a t o r y  concept;  the fo re runne r  o f  
Skylab. 
A .  S- IVB Workshop Evolut ion 
Ea r ly  i n  the Sa tu rn  Program t h e  Douglas A i r c r a f t  Company pro- 
posed the use of a spent s-IV s t a g e  as  a manned space l a b o r a t o r y .  The 
space l a b o r a t o r y  and a Gemini capsu le  with two c r a m e n  were t o  be boost-  
ed by an s-I launch v e h i c l e  and i n s e r t e d  in ro  o r b i t  by t h e  s-IV s t a g e .  
After S-IV hydrogen d e p l e t i o n ,  t h e  tank would be purged, then f i l l e d  
with stored atmosphere and conditioned f o r  crew e n t r y .  F igu re  1 shows 
t h i s  e a r l y  concept.  
Comand - communications module 






L i q u i d  iiydrogen tank  
Launch abor t  
( launch  configuration) 
J l  Gemini in position 
f3r crew egress 
s-IY s tage 
Figure  1. S-1V Stage  - Gemini Space Laboratory Concept 
A number of d i f f e r e n t  concepts f o r  a space l a b o r a t o r y  workshop 
were s u b s e q u e n t l y  envis ioned by s t u d y  groups; some invo lv ing  new hard- 
ware. However, t h e  Apollo Extensions Support: s tudy  e s t a b l i s h e d  t h a t  
system equipment and module components developed f o r  Gemini and Apollo,  
w i t h  l o g i c a l  modifications, w e r e  more than adequate  t o  support  t h e  devel-  
opment of an  o r b i t i n g  workshop. 
In August 1965, NASA replaced t h e  Apo l lo  Extension Systems Pro- 
gram with t h e  Apollo A p p l i c a t i o n s  Program. The latter program involved 
3 
design s t u d i e s  of an " in-orbi t"  conversion o f  d spen t  S-IVB s t a g e  t o  a 
manned s h e l t e r  and workshop.  The ability of man t o  perform c e r t a i n  func- 
t i o n s  i n  space,  i nc lud ing  EVA a n d  manned s p a c e c r a f t  docking activities, 
had a l r eady  been demonstrated du r ing  P r o j r c  t Gemini Fur the r  deve lop-  
menr of t h i s  a b i l i t y  r equ i r ed  more space thdn w a s  a v a i l a b l e  i n  e i t h e r  
 lie Gemini  or Apollo spacec ra f t .  Th i s  spacc cou ld  be providctd by using 
t h e  S-IVB s p F n t  s t a g e .  
A s  a resu1 . t  of t h e s e  s t u d i e s  on t h e  S-IVE Spent Stage Experiment, 
NASA determined t o  develop an o r b i t i n g  research l abora to ry  without  i n t e r -  
f e r i n g  w i t h  the A p o l l o  Lunar  Landing mission.  An a p p r a i s a l  o f  Gemini 
hardware a p p l i c a b i l i t y  f o r  t h e  p r o j e c t  r e s u l t c d  i n  t h e  development of 
a Spent S t a g e  Experirnent Support Module (SSESM) t o  provide an i n t e r -  
connect ing tunne l  and a i r  lock between t h e  A p o l l o  cormnand and s e r v i c e  
module (CSM) and the  S--IVB stage.. T h e  SSESM was t o  be I~nuncfied on a 
Saturn IR a l o n g  w i . t h  a CSX. In  o r b i t ,  the CSM would s e p a r a t e  froin t he  
v e h i c l e  and  dock t o  t h e  SSESM i n  t h e  s a m e  manner as wi th  a Lunar Excur.- 
s i o n  Module (LEN) f o r  l u n a r  l a n d i n g  missions (Figure 2 ) .  The crew 
would t hen  proceed t o  vent and purge  t h e  S- IVB hydrogen rank and p e r -  
form an EVA t o  rcmove 72 bol . ts  s ecu r ing  the S-PVB forward dome manhole 
cover ,  connect a f l e x i b l e  t u n n e l  ex tens ion  t o  complete the  p re s su r i zed  
passageway, and curinect cryogenic  hydrogen and oxygen and e l e c t r i c a l  
t e l e s c a p i n g  boom umbi l i ca l s  t c 7  t h e  CSM. 
The experiments t o  be per formed were m o s t l y  biomedical and would 
be accomplished i n  t h e  command module (CN). No crew q u a r t e r s  would be 
set up i n  t h e  S-TVB, and t h e  basic crcw a c t i v i t y  would involve f a m i l -  
i a r i z a t i o n  wj t h  zero-g locomotion i n  a c o n t r o l l e d  and encloscd environ- 
ment. Add i t iona l  EVA'S w o u l d  be performed t o  g a i n  access t o  the ex- 
t e r i o r  experi iwnt  area and t o  e x t e r n a l l y  stowed eqLui;ment. A modified 
Gemini h a t c h  and sill would be mounted i n  t h e  SSESM air lc lck with t h e  
Spacecraft LM adapter  panels Service modu 1 e 
Urribi 1 ical  boom 
F i g u r e  2 .  S--IVls Spen t  S t a g e  Laboratory 
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hatch  window o r i e n t e d  t o  provide  v i s u a l  contac t  between t h e  EVA crewman 
and a crewman p o s i t i o n e d  in the forward pres su r i zed  s e c t i o n  of t h e  tun- 
n e l .  Handholds and r e s t r a i n t  f i t t i n g s  would be loca ted  a t  works ta t ions  
and around t h e  v e h i c l e  e x t e r i o r  t o  a i d  in EVA ope ra t ions .  A thermal  
p r o t e c t i v e  c u r t a i n  enc los ing  t h e  c a v i t y  w i t h i n  the SFacecraEt L M  hdap- 
ter (SLA) r\rould conta in  a removable p a n e l  f o r  EVA egress.  
A s  t h e  program matured, mission d e f i n i t i o n  and systems require- 
ments underwent cons ide rab le  evolutian. H a b i t a b i l i t y  and experiment 
p rov i s ions  were g radua l ly  incorporated i n  des ign  of t h e  S-IVB s t a g e ,  and 
the SSESN was redes igna ted  t h e  A i r l o c k  Module (AM). 
was r ep laced  by a s h o r t ,  c y l i n d r i c a l  pressure v e s s e l  w i th  an ax ia l  dock- 
i n g  p o r t  and inc reased  e x t e r n a l  radiator area to provide more pressur -  
i z e d  volume f o r  expendables and experiment launch stowage (F igure  3 ) .  
The Gemini Adapter 
S-IVB stage 
S u p p o r t  truss hydrogen tank . .  
Service module 
compartment Gemini EVA hatch 
F igure  3 .  Air lock  Module Launch Conf igura t ion  
Because of problems experienced dur ing  EVA on Gemini, concepts  were 
developed f o r  easier removal of t h e  S-IVB forward dome cover and a 
permanently i n s t a l l e d  flexible tunnel extens ion .  Th i s  would reduce EVA 
t i m e  requirements .  
Studies completed dur ing  September and October 1966 established 
t h e  f e a s i b i l i t y  of combining certain hhp miss ions .  The s t u d i e s  consi-  
dered a combined conf igu ra t ion  c o n s i s t i n g  of t h e  S-IVB s t a g e ,  an AM, a 
CSM, and t h e  Lunar Module Ascent s t a g e  (LM) w i t h  an  Apol1.0 Telescope 
Mount (ATM) , w i t h  p r o v i s i o n s  fo r  accommodating a Lunar Mapping and Sur- 
vey S t a t i o n  Module (LM&SS) and n Resupply Module ( R M ) .  
In December 1966,  a % S A  d i r e c t i v e  def ined the requirements and 
i n i t i a t e d  a c t i o n  f o r  des ign  of  clustered conf igu ra t ion  concept € o r  t h e  
AAF missions.  The combined inission would c o n s i s t  of f o u r  Sa tu rn  IB 
f l i g h t s .  The f i r s t  would c a r r y  t h e  crew aboard an Apollo CSM along wi th  
t h e  LM&SS module, A€ter  conp lc t ion  o f  t h e  LMGSS mis s ion ,  t h e  iinmnnned 
Ea r th -o rb i t i ng  l a b o r a t o r y ,  rcn;imed t h e  "Orb i t a l  Workshop , ' I  would be 
launched when t h e  O r b i t a l  SJorlcshop achieved o r b i t ,  the CSM would rendez-  
vous,  a t t a c h  t h e  LM&SS irivdule and dock.  The crew would p a s s i v a t e  t h e  
S-IVB s t a g e  and a c t i v a t e  the  O r b i t a l  Workshop f o r  a 28 day mission.  
Several  months l a t e r  a second crew would 3e l aunched  w i t h  n RM. A f t e r  
docking t h e  RM t o  the O r b i t a l  Workshop the CSPl would prepare t o  rendez- 
vous with an LM/ATM, launched on t h e  Lourth veh ic l e .  With t h e  LX/ATM 
and CSFl docked to t h e  O r b i t a l  Workshop, t h e  crew would perform s o l a r  
astronomy and o the r  experiments du r ing  a 56 d a y  miss ion ,  The capabi- 
l i t y  f o r  three subsequen t  revisits t o  r e a c t i v a t e  t h e  workshop and ATM 
were planned. The F igu re  4 shows an ecsrly on-orbit c l u s t e r  concept.  
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Figure 4 .  Ear ly  C l u s t e r e d  Workshop Concept  
modules are docked t u  a lengthened c y l i n d r i c a l  compartmenr with f o u r  
r a d i a l  docking p o r t s  i n  a d d i t i o n  t o  t h e  axial p o r t .  Th i s  compartment 
was named t h e  Hultiple Docking Adapter (FDA) .  The AM r e t a i n e d  t h e  
Gemini hatch €or  EVA ope ra t ions .  
B .  ATM Evolution 
A ser ies  of f e a s i b i l i t y  s t u d i e s  t o  i nc lude  o p t i c a l  technology 
experiments on extended A F O ~ ~ O  f l i g h t s  culminated i n  January 1966 when 
t h e  O f f i c e  o f  Space  Sciences and Appl ica t ions  (OSSA) s e n t  a request f o r  
p r o p o s a l s  t o  NASA centers. T h e  r e s u l t i n g  concept w a s  a three-axis  
o r i e n t e d  s o l a r  research  p l a t f o r m  mounted i n  one o f  ttw s i x  s e c t i o n s  of 
the Apol l o  Servicci  X o d u l e  (Figure 5 ) .  Trade n € f  s t u d i e s  conducted i n  
F igure  5 .  Early Simp1 i f i e d  ATP1 Concept Using 
Ap(:'llo CSM 
A p r i l  1966 i n d i c a t e d  c e r t a i n  advantages f a r  m o u n t i n g  Line telescopes t o  
a Lunar  Nodule (Uf) in s t t ' a i l  o f  t h e  service nodulc .  On t h e  b a s i s  o f  
Lhese f i n d i n g s  MSFC rece ived  a reques t  t o  study the 'LM conf igu ra t ion  
w i t h  a h a r d  fiiountcd ATX. 
t h e  KIM r e s p o n s i b i l j - t y  t o  MSPC. 
A f t e r  ca rnp le~ iun  o f  the s t u d y ,  XASA assigned 
h pre l iminary  A n 1  p r o j e c t  devel.opment p l a n ,  submitted in J u l y  
1 9 h t i ,  d e f i n e d  the LM/ATH system. 
iilent package ,  contn in ing  up t o  [ o u r  tel .escnpes , i n  a universa l  rack 
which rep laced  the  tH descent  stage. Two S a t u r n  I E  v e h i c 1 . e ~  were re-. 
qu i r ed  f o r  the LX/LYTX mission.  !?ne would c a r r y  t h e  unru;mned LM/ATM 
while t h e  other vehi c7.e c a r r i e d  the t h r e e  man crew aboard ZITI A p o l l o  CSM. 
A f t e r  r endezvous  and d o c k i n g ,  t w e  crewmen wou1.d transfer to t h e  L31/ArBl, 
undock from tlre CSM, and perform t i l e  exFerimerits in  a f r e e - f l y i n g  d e -  
c a u ~ l e d  mode f o r  seven tlays. A t  t i l e  end of- t h i s  p e r i o d  they would re- 
dc!ck, exchange one  cremxnn and undock for a n o t h n r  seven day mission.  
'I'he t o t a l  missicn d u r a t i o n  w a s  t o  be a miniinurn of  14 d a y s  w i t h  a d e s i g n  
goal to extend the mission t o  25 Gays. An o r b i t a l  sLvrage per iod  and 
reactivation f o r  another  miss ion  were also cor:siderrd. 
The primary des ign  l o c a t e d  an exper i -  
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Two a l t e r n a t e  concepts  were a l s o  presented  i n  t h e  p r o j e c t  dcve2- 
omient p l an .  One s tudy  r e s u l t c d  i n  a conf igu ra t ion  where t h e  experiment 
package was mounted i n  t h e  LM descent  s t a g e  engine compartment and ex-, 
tended i n t o  t h e  ascent engine-well .  The second concept considered the  
CSM cont inuous ly  docked t o  t h e  LH. I n  t h i s  mode t h e  crew would n o t  have 
to l eave  t h e  CSM, and emergency re-entry c o u l d  be  accomplished in a 
shor t  per iod .  
whose func t ions  could be  provided by t h e  CSPI. I n  a d d i t i o n ,  the CSM 
cou ld  providc more s u i t a b l e  l i v i n g  cond i t ions  f o r  t h e  crew. 
This  concept allowed a major r educ t ion  of LM equipment 
A s  t h e  I;M/ATM mission evolved,  s t u d i e s  were being conducted on 
t h e  S-IVB spen t  s t a g e  O r b i t a l  Workshop. The advantages f o r  longer  dura- 
t i o n  miss ions  by combining t h e  two major Ahf miss ions  r e s u l t e d  i n  a num- 
ber  o f  c l u s t e r e d  conf igu ra t ion  concepts .  Cons idera t ion  was given t o  
t e t h e r i n g  t h e  LM/ATM t o  the o r b i t i n g  c l u s t e r  by umbi l i ca l s  c a r r y i n g  cool- 
i ng  f l u i d ,  oxygen, and e l e c t r i c a l  power o r  by ex tendable  booms. These 
concepts  were subsequent ly  abandoned i n  favor  oi hard  docking the  LM/ATM 
t o  one  of t h e  M u l t i p l e  Docking Adapter r a d i a l  p o r t s .  
i n t e g r a t i n g  t h e  z;M/ATM mission wi th  t h e  S-IVB Spent Stage Experiment had 
become t h e  primary AAP conf igu ra t ion .  The concept: f o r  ope ra t ing  t h e  LM/ 
ATM i n  a f r ee - f ly ing  mode was r e t a i n e d  as a backup o r  a l t e r n a t e  mission 
By December 1966 ,  
p l a n  . 
With t h e  ZM/AD? included i n  the  AAP c l u s t e r  d e s i g n ,  EVA was 
i d e n t i f i e d  as a requirement t o  retrieve f i l m  i n  order  t o  meet the  ATM 
s c i e n t i f i c  o b j e c t i v e s .  The crew would be r equ i r ed  t o  s e r v i c e  t h e  ATM 
experiments  by r e t r i e v i n g  and r ep lac ing  t h e  f i l m  dur ing  EVA'S per forxed  
a t  r e g u l a r  inte-r-vals throughout each mission.  During t h e  EV-4 s y s t e m s  
development, t h r e e  d i f f e r e n t  systems des igns  were i n i t i a t e d  i n  response 
t o  major c l u s t e r  conf igu ra t ion  changes. A l l  design approaches t o  t h e  
t a s k s  of equipment t r a n s f e r  and works ta t ion  l o c a t i o n  were recons idered  
wi th  each. change. Although many des igns  r equ i r ed  a l t e r a t i o n  as t h e  
cluster conf igu ra t ion  changed, o t h e r s  withstood reexamination and re- 
mained e s s e n t i a l l y  unchanged. This  reassessment  process  se rved  t o  
s t r eng then  the f i n a l  EVA system des ign  l o r  Skylab. 
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SECTION 111. EARLY CLUSTER CONCEPT - EVA EGRESS FRQM AM 
Upon establ ishment  of a requirement f o r  ATM f i l m  r e t r i e v a l ,  s t u d i e s  
w e r e  performed t o  d e f i n e  t h e  EVA requirements.  These included t h e  number, 
frequency, purpose and d u r a t i o n  of t a s k s  t o  be accomplished. Analyses 
w e r e  then performed t o  d e f i n e  s p e c i f i c  crew tasks and t o  d e r i v e  EVA design 
g u i d e l i n e s  and c o n s t r a i n t s .  
The f i r s t  AAP design g u i d e l i n e  s p e c i f i e d  that EVA would be per-  
formed wi th  crew e g r e s s  and i n g r e s s  through t h e  AM ha t ch .  This  s e c t i o n  
of t h e  r e p o r t  desc r ibes  t h e  EVA system development a c t i v i t i e s  performed 
from ea r ly  1967 through mid-1968 while t he  AM e g r e s s  g u i d e l i n e  w a s  i n  
e f f e c t .  The i n i t i a l  conceptual s t u d i e s  w e r e  accomplished us ing  l i m i t e d  
f i d e l i t y ,  inexpensive,  "one-g" p a r t - t a s k  mockups wi th  a six-degree of 
freedom mechanical s imula to r .  The o b j e c t i v e s  of t hese  s t u d i e s  were t o  
i n v e s t i g a t e  Am c a n i s t e r  access, determine optimum l o c a t i o n s  and config-  
urations f o r  f i l m  r e t r i e v a l  works t a t lons ,  and t o  develop and e v a l u a t e  
a l t e r n a t i v e  design concepts  €or  crew t r a n s l a t i o n  and f i l m  t r a n s f e r .  
A .  C l u s t e r  Configurat ion 
During the per iod immediately fol lowing approval  f o r  ?he combined 
o r b i t a l  workshop and LM/ATM missions,  t h e  c l u s t e r  eonfigurat.ion changed 
r a p i d l y  as t h e  v a r i o u s  module des ign  concepts evolved. One of t h e  
o r i g i n a l  concepts had a compact solar a r r a y  arrangement mounted on the. 
ATM and t w o  s o l a r  pane l s  deployed from t h e  Spacec ra f t  LM Adapter (SLA) 
(F igure  6 ) .  
were d e l e t e d  i n  f avor  of x cruciform o r  "windmill" conf igu ra t ion .  
Add i t iona l ly ,  a s e t  of s o l a r  a r r a y s  w e r e  added t o  t h e  S-TV3 s t a g e  r ep lac -  
ing the SLA solar panels  (Figure 7 ) .  
A s  t h e  c l u s t e r  d e s i g n  matured, the compact ATM s o l a r  arrays 
Figure 6. Early C l u s t e r  So la r  Array Configurat ion 
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Figure  7.  ATM Cruciform Solar  Array and S-IVB Stage Solar Array 
Subsequent program changes a l s o  deleted the RM and LM&SS modules 
from t h e  c h s t e r e d  workshop missions. 
Changes to  t h e  LM/ATM conf igu ra t ion  a f f e c t e d  the earliest f tlm 
retrieval s t u d i e s .  
w i th  r e s p e c t  to  the c l u s t e r  and the ATM as well as changes i n  the solar 
a r r a y  conf igu ra t ion .  
solar shield, and an experiment gimbal system also inf luenced EVA design 
concepts .  
along wi th  a view of the  canister with the  experiment package arrangement. 
There were several o r i e n t a t i o n  changes of t h e  LM 
The addition of thermal pro tec t ion  p rov i s ions ,  a 
F igu re  8 shows one of the LM/ATM conS5gurations of t h i s  per iod 
B .  EVA Requirements and Guidel ines  
The i n i t i a l  s t u d i e s  t o  e s t a b l i s h  EVA requirements  and g u i d e l i n e s  
A t  this t i m e  t h e r e  was limited EVA 
revealed thak no adequate s p e c i f i c a t i o n s  were a v a i l a b l e  t h a t  directly 
applied t o  EVA systems development. 
f l i g h t  experience and man's c a p a b i l i t i e s  i n  t h e  space environment were 
uncertain. 
In the EVA system design and es tab l i sh  a c m o n  base from which t o  proceed 
dur ing  development of the system. 
cluded i n  the AM/A'D4 EVA Astronaut  Support: System Requirements and Con- 
straints Document, which served as t h e  original s t imu lus  f a r  EVA system 
An i n t e r c e n t e r  working group was formed t o  assure c o n t i n u i t y  
The r e s u l t i n g  specffications were in- 
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design and development. A s  t h e  design matured, t h e  s p e c i f i c a t i o n s ,  
g u i d e l i n e s  and c o n s t r a i n t s  were updated. 
' 4TV rick 
Experinent package 
Figure  8. Early LH/ATM Configurat ion and Experiment Package Arrangement 
The fol lowing gulde l ines  and c o n s t r a i n t s  were e s t a b l i s h e d  e a r l y  
i n  1967, and were expandej and modified throughout the period extending 
t o  mid-1968 whi l e  the AM hatch w a s  t h e  primary EVA egress and i n g r e s s  
location. Changes and a d d i t i o n s  t o  t h e  o r i g i n a l  l i s t i n g  are i n d i c a t e d  
t o  ref lect  t h e  growth i n  the development of the EVA system. 
1. Mission 
a. A total  of f o u r  f i l m  replacement and retrieval ope ra t ions  
w e r e  planned. 
scheduled f o r  every 1 4  days of t h e  56 day mission.  
The f i n a l  EVA would be f o r  r e t r i e v a l  only.  EVAs were 
b .  Two hours of p repa ra t ion  and one hour of pos t  EVA were 
r equ i r ed  fo r  each EVA (added January 1968). 
c. EVAs were t o  be conducted dur ing  both light and d a r k  
pe r iods  of o r b i t  (added May 1968).  
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d. Astronaut  t r a n s l a t i o n  would be allowed during d a y l i g h t  
por r ion  of o r b i t  on ly  f o r  t h e  normal mode EVA (added May 1968) .  
2 .  Pi lm Cassettes and Stowage 
a .  There were seven f i l m  magazines /casse t tes  in t h e  ATM canis- 
ter which r equ i r ed  EVA €or r e t r i e v a l  and repl.acernent. S0.52, 5054,  5056, 
S083, and H-Alpha 1 magazines would be  rep laced  a t  t h e  LM end of t h e  
c a n i s t e r  (SO83 added January 1968). S082A, S0823, and 5055B magazines 
would be rep laced  a t  t h e  sun end (S055B de le t ed  January 1968). 
b. Film cassettes would be color-coded and t e the red  dur ing  
replacement ope ra t ions .  
c. Film cassettes would be  stowed dur ing  launch i n  e i t h e r  
t h e  LY i n t e r i o r  o r  t he  crew provis ions  module (added May 1968) .  
3 .  C l u s t e r  Egress and Ing res s  
a. EVA eg res s  and ing res s  would be accomplished from t h e  AM. 
b .  EVA from the LM would be considered as an a l t e r n a t e  method 
(added January 1968).  
4 .  L i f e  Support System 
a .  The A6L Block 11 Apollo p re s su re  s u i t  would b e  used f o r  
EVA (changed t o  A7L s u i t  i n  January 1968) .  
b .  An umbi l i ca l  w i th  60 f o o t  l e n g t h  c a p a b i l i t y  would b e  t h e  
primary mode of opera t ion .  
c. The Lunar P o r t a b l e  L i f e  Support System (PLSS) would be  
used as a backup mode o f  opera t ion .  
d .  The PLSS and Oxygen Purge  System (OPS) would be worn as 
a backup system dur ing  umbi l ica l  EVA (added January 1968) .  
e. The umbi l i ca l  would a t t a c h  t o  a P res su re  Control  Unit 
(PCU) and contain prov i s ions  f o r  oxygen, cool ing  w a t e r ,  communications, 
biomedical  d a t a ,  and a mechanical t e t h e r  (added January 1968).  
f .  The PLSS o r  P o r t a b l e  Environmental Control  System (PECS) 
would b e  used a s  an  a l t e r n a t e  mode (added May 1968).  
5. Safety 
a.  EVA astronaut would be cont inuously monitored. 
b .  One EVA would be  allowed per  day and would be performed 
only  when a l l  t h r e e  crewmen were awake. One crewman would be  i n  t h e  CSM 
t o  monitor systems dur ing  EVA. One EVA crewman would be  loca ted  on 
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standby i n  t h e  AM (or LM) as a safe ty  backup dur ing  t h e  o t h e r  crewman's 
f i l m  r e t r i e v a l  a c t i v i t y  (added January 1968). 
c.  EVA rest  pe r iods  would be  r equ i r ed  a t  a rate of two min- 
u t e s  a f te r  every t e n  minutes of moderate t o  moderately heavy a c t i v i t y  
and two minutes a f t e r  each period of heavy activity (added January 1968) .  
d.  
placed over t h e  s t r u c t u r e  (modified January 1968).  
T r a n s l a t i o n  du r ing  EVA would be by u s e  of h a n d r a i l s  
e. Handrai ls  and o t h e r  EVA assist hardware would be provided 
f o r  EVA t r a n s l a t i o n .  
Maximum t r a n s l a t i o n  rate was 2 f t jsec.  Nominal r a t e  was 1 f t / sec .  (added 
January 1968 and modified May 1968). 
T r a n s l a t i o n  along h a n d r a i l s  r equ i r ed  both hands. 
f .  Pr imary mode of t r a n s l a t i o n  would be manual. u s ing  continuous 
h a n d r a i l s .  Semi-automatic or  automatic  EVA assist hardware would be used 
on1.y as  a p o s s i b l e  backup mode of ope ra t ion  (added May 1968).  
g. 
and f o r  f i l m  r e t r i e v a l  work areas during both daylight and da rk  p o r t i o n s  
of t h e  o r b i t .  
Supplemental l i g h t i n g  would be r equ i r ed  for  EVA t r a n s l a t i o n  
h. U t i l i z a t i o n  of experiment c a n i s t e r  r o l l ,  p i t c h  and yaw 
c a p a b i l i t i e s  could be used t o  a i d  t h e  crewman in t h e  f i l m  replacement 
t a s k  ( d e l e t e d  January 1968).  
i. Power t o  t h e  ATM c a n i s t e r  du r ing  EVA would be l i m i t e d  t o  
gimbal r o l l  c o n t r o l  (added January 1968).  
j. ATM gimbal ring would be manually locked du r ing  f i l m  r e -  
t r ieval  and replacement o p e r a t i o n s  (added January 1968). 
C .  Workstations and Can i s t e r  Access 
The o r i g i n a l  ATM experiment package conf igu ra t ion  r e q u i r e d  re- 
trieval o€ f o u r  f i l m  packages located i n  t h e  s i d e  of t h e  c a n i s t e r  and 
t h r e e  f i l m  packages a t  t h e  sun  end. Prel iminary i n v e s t i g a t i o n s  revealed 
that  t h e  c a n i s r e r  r o l l  c a p a b i l i t y  could be used t o  b r i n g  t h e  camera access 
doors  t o  t h e  crewman pos i t i oned  a t  a fixed works i t e  r a t h e r  than having 
t h e  EVA crewman maneuver t o  each camera. Work then began on developing 
two LM/ATM works ta t ions  to  provide a c c e s s  t o  t h e  f i l m  packages. These 
were named t h e  "LM-end workstat ion" and t he  "sun-end workstation".  
1. LM-end Workstation. S t u d i e s  and s imula t ions  were conducted 
to i n v e s t i g a t e  access t o  t h e  four f i l m  magazines i n  t h e  s i d e  of t h e  ATM 
canister and t o  e s t a b l i s h  an LM-end works ta t ion  design.  The ATM quad- 
r a n t  between t h e  -7, and +Y axes was determined t o  be t h e  most accep tab le  
l o c a t i o n  f o r  t h e  LM-end workstat ion (Figure 8) .  Design concepts were 
formulated to i d e n t i f y  t h e  hardware requirements  f o r  a s s i s t i n g  t h e  crew- 
man i n  maneuvering t o  and entering the workstat ion,  f o r  provid ing  body 
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restraints while performing t h e  film magazine removal and replacement 
task, and for access  p rov i s ions  t o  t h e  instruments  w i th in  t h e  c a n i s t e r .  
The Gemini-type "dutch shoe" foot  res t ra ints  were t o  be  considered as 
t h e  primary method of r e s t r a i n i n g  t h e  crewman's body a t  t h e  workstat ion 
(Figure 9 ) .  
posed a number of problems and c o n s t r a i n t s  t h a t  r equ i r ed  r c s o l u r i o n .  
c o n s t r a i n t  r equ i r ed  e l e c t r i c a l  disconnect  and mechanical 1.ocks on t h e  
c a n i s t e r  gimbals and a mechanical lock on t h e  solar pane l s  f o r  s a f e t y  
during t h e  film r e t r i e v a l  ope ra t ion .  Access t o  the c a n i s t e r  a l s o  re- 
quired removal of a d i agona l  spa r  o r  s t r u t  which provided s t r u c t u r a l  
r i g i d i t y  t o  the rack s t r u c t u r e  f o r  launch and d o c k b g  loads. 
The  conf igu ra t ion  of t h e  AT?4 rack,  c a n i s t e r  and solar  a r r a y s  
One 
F igure  9. Gemini-Type Foot R e s t r a i n t s  (Dutch Shoes) 
By June 1967, t h e  LM/ATM and LM-end works t a t ion  design had evolved 
t o  t h e  c o n f i g u r a t i o n  shown i n  F igu res  10 and 11. The works t a t ion  cons i s t ed  
of a platform a t t ached  t o  t h e  r ack  s t r u c t u r e  wi th  a p a i r  of Gemini-type 
foo t  r e s t r a i n r s .  The r equ i r ed  mechanical locks, a gimbal r o t a r i o n  switch,  
t e t h e r  a t t a c h  p o i n t s ,  f l o o d l i g h t s ,  a guard rail, and p rov i s ions  f o r  mov- 
ing t h e  d i agona l  s t r u t  were a lso incorporated.  Mockups of t h i s  b a s i c  
design were b u i l t  and used t o  analyze and develop f i l m  re t r ieval  proced- 
u r e s  and e v a l u a t e  t h e  hardware concepts f u r  t he  t a s k  i n  onc-g s imula t ions  
wi th  a m u l t i p l e  degree-of-freedom mechanical s h u l a t o r .  
O n  August 15, 1967, a n  a s t r o n a u t  review of t h e  LM-end works t a t ion  
concept w a s  held t o  o b t a i n  concurrence on t h e  f e a s i b i l i t y  of t h e  concept,  
t o  e v a l u a t e  the crew i n t e r f a c e  f o r  t h e  e x i s t i n g  hardware and determine 
requirements  €o r  a d d i t i o n a l  r e s t r a i n t s  and s t a b i l i t y  equipment. The 
review progressed through a s h i r t s l e e v e  walk-through of the  t a s k  sequence, 
a one-g pressure s u i t e d  sequence, and f i n a l l y ,  a work session using the  
six degree-of-freedom mechanical s imula to r .  The primary problem areas 
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Figure 10. LM/ATN Configurat ion (June 1967) 
i d e n t i f i e d  du r ing  t h e  review concerned film package v i s i b i l i t y ,  l o c a t i o n  
and c a n i s t e r  access door s i z e  and l o c a t i o n  i n  r e l a t i o n  t o  the  crew work 
p o s i t i o n .  Two of the film magazines (H-Alpha 1 and SO%) w e r e  n o t  w i th in  
t h e  crewman's r each  envelope and would have to be moved. Recommendations 
were a l s o  made t o  reconfigure t he  workstat ion g u a r d r a i l ,  provide a con- 
tinuous t r a n s l a t h n  r a i l  f o r  entry i n t o  the workstat ion,  provide a s i n g l e  
faot r e s t r a i n t  above t h e  platform to a i d  i n  removing and stowing t h e  d i a -  
gonal s t r u t ,  and define f i l m  magazine t r a n s f e r  techniques and temporary 
stowage p rov i s ions .  
proceeded on r e f i n i n g  the  design and increasing t h e  mockup f i d e l i t y  f o r  
f u r t h e r  simulation s t u d i e s .  
The b a s i c  works t a t ion  concept was accepted and work 
The solar p a n e l  support ing s t r u c t u r e  and a c t u a t i o n  hardware were 
s t i l l  i n  a d e f i n i t i o n  phase a t  t h i s  time, which delayed design e f f o r t s  
f o r  both t h e  TM-end and t h e  sun-end works t a t ions  because of an antici- 
pared hardware impingement problem. D i f f i c u l t i e s  w i t h  access t o  rke f i l m  
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Figure 11. LM-End Workstation Configurat ion 
magazines w i t h i n  the  c a n i s t e r  a l so  r e s u l t e d  i n  a number of i n v e s t i g a t i o n s  
t o  e s t a b l i s h  c a n i s t e r  r o l l  requirements f o r  l o c a t i o n  of t h e  sun end work- 
s t a t i o n  and a c c e s s  door l o c a t i o n s  a t  t h e  LM end. A l l e v i a t i o n  of t h e  H- 
Alpha 1 f i l m  m g a z l n e  retrieval problem required a change i n  t h e  5 95" 
c a n i s t e r  r o l l  c a p a b i l i t y .  It w a s  recommended t h a t  t h e  magazine r e t r i e v a l  
d i r e c t i o n  be changed as shown i n  Figure 1 2 .  
a d d i t i o n a l  25 degrees  of c a n i s t e r  r o t a t i o n  toward t h e  -Y axis. The ex- 
t e n s i o n  of t h e  limits t o  120 degrees  w a s  n o t  considered a c o n s t r a i n t ,  b u t  
prompted f u r t h e r  i n v e s t i g a t i o n s  i n t o  the advantages of u s i n g  maximum 
c a n i s t e r  r o t a t i o n  t o  f a c i l i t a t e  t h e  film removal and replacement t a s k .  
Tn a d d i t i o n  t o  t h e  s o l a r  panel and c a n i s t e r  conf igu ra t ion  changes, the 
shape and l o c a t i o n  of the solar  s h i e l d  underwent an evo lu t iona ry  process  
which also inf luenced t h e  workstat ion des ign  concepts.  
This  change r equ i r ed  an 
When prel iminary ATM s o l a r  a r r a y  support  s t r u c t u r a l  d e t a i l s  had 
been de f ined ,  s imula t ion  activities on t h e  LM-end workstat ion concept 
resumed. A mockup of the  solar a r r a y  support  s t r u c t u r e  was f a b r i c a t e d  
and a t t ached  t o  t h e  LM-end workstat ion mockup. I n  late December 1967, 
t h e  f i l m  r e t r i e v a l  task w a s  performed u s i n g  t h e  six degree-of-freedom 
s imula to r .  This rask w a s  performed t o  i s o l a t e  p o t e n t i a l  problem areas 
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Figure 12. Canister  Rotatton Rccpirement f o r  H-Alpha 1 Film 
Magazine R e  tr ieva 1 
affect ing crew safer)? and task performance w i t h .  the worksration and solar 
array support: structure interface.  During workstation ingress and egress, 
diagonal s t r u t  stowage, and film replacement t asks ,  the crewman f requent ly  
struck the cross beam of  the solar array mounting s t r u c t u r e  with h i s  hei- 
met and other pressure  sui t  components. Rekase and stowage of the diag- 
onal strut was found to be extremely difficult. With the strur in a 
stowed posit ion,  the horizontal workspace was decreased to below accept- 
able limits and manipulation o f  the roll conrrols was inadequate because 
the C Q I I ~ ~ O Z  panel was p a r t i a l l y  obscured by the s t r u t .  
illustrates the interference and access problems. An analysis o f  the 
simulation a c t i v i t i e s  r e s u l t e d  i n  recnmmendztfons t h a t  the cross m e m b e r  
beam be raised and t h a t  se( f f ic ien t  s t ruc ture  be  added to the Am rack t o  
permit el iminarion of the diagonal  s t r u t .  
Figure 13 
F i g u r e  13 LM-End Workstation Simulation Showing Stri;;. t.ut'c? '1 
i nkerf2rencc -.. 
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Simulation a c t i v i t i e s  continued dur ing  January 1968 using h ighe r  
f i d e l i t y  mockups t o  resolve t h e  s t r u c t u r a l  i n t e r f e r e n c e  and spar retrac- 
t i o n  problems. These activities a l s o  v e r i f i e d  LM-end works t a t ion  c r e w -  
assist and f i l m  magazine access  hardware. FTgure 1 4  i l l u s t r a t e s  t he  
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Figure 1 4 .  IA-End Workstation Evolution 
'workstation conf igu ra t ion  and F igure  15 shows the t a s k  sequence f o r  access  
t o  the works ta t ion  as performed us ing  the s i x  degree-of-freedom s imula to r .  
The crewman engaged and v e r i f i e d  the  solar panel  lock, t r a n s l a t e d  around 
t h e  s o l a r  a r r a y  s t r u c t u r e ,  manually r e l e a s e d  and stowed t h e  d i agona l  s t r u t  
w i t h  use of the auxil iary f o o t  r e s t r a i n t  and maneuvered i n t o  t h e  work- 
s t a t i o n  f o o t  r e s t r a i n t s .  Once s t a b i l i z e d ,  he r o t a t e d  t h e  c a n i s t e r  f r o m  
t h e  r o l l  c o n t r o l  pane l  to b r i n g  t h e  access door i n t o  p o s i t i o n  f o r  f i l m  
magazine removal. F igu re  16 shows t h e  crewman, w i th  t h e  PLSS and OPS 
backpack a t t a c h e d ,  removing a f i l m  magazine from t h e  c a n i s t e r .  
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Figure 15. LM-End Workstation Ing res s  
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Figure  16. LM-End Film Nagazine Retrieval 
By February 1968, t h e  development a c t i v i t i e s  on t h e  works ta t ions  
had r e s u l t e d  i n  s p e c i f i c  des ign  guidell ines t o  f a c i l i t a t e  removal and 
replacement of the f i l m  magazines by the crewman. The f o r c e ,  to rque  
and m o b i l i t y  c a p a b i l i c i e s , o f  the EVA a s t r o n a u t  were  base l ined  and t h e  
following gu ide l ines  were i d e n t i f i e d  t o  t h e  experimenters  f o r  d e t a i l  
des ign  implementation: 
a .  The same hand1.c. and locking lever approach should b e  incor -  
porated,  i f  p o s s i b l e ,  on a l l  experiments.  
b. The film magazine should be t e t h e r e d  dur ing  r e t r i eva l  and re- 
placement. A t e t h e r  r i n g  loca ted  a t  the bottom of t h e  film rnagazi.ne 
handle  i s  recommended. 
be  approximately 1 1 / 2  inches .  
The diameter  of t h e  t e t h e r  r i n g  opening should 
C .  
opera t ion .  
T h e  l a t ch ing  mechanism should be designed f o r  one-handed 
d. A d i r e c t  push or  p u l l  by the  a s t r o n a u t ,  rather than torques ,  
s i d e ,  or vert ical .  f o r c e s  would be used t o  a c t u a t e  the l a t c h i n g  devices. 
2 1  
e .  Closed and l a t c h e d  p o s i t i o n i n g  of the magazine would b e  
r equ i r ed .  Latched p o s i t i o n  would b e  confirmed a t  t h e  works t a t ion ,  
and mechanical means of confirmation would b e  used. Electrical ind ica -  
t ion of l a t c h e d  o r  unlatched cond i t ion  would n o t  b e  accep tab le .  
f. A d e t e n t  p i n  would be provided f o r  launch v i b r a t i o n  Level 
stowage. 
g. Guide r a i l s  would b e  provided which r equ i r ed  t h e  a s t r o n a u t  to  
perform on ly  c o a r s e  l o c a t i o n  of t h e  magazine OR i n s e r t i o n .  
rails would prevent  binding during i n s e r t i o n  t o  t h e  position of pre- 
c i s e l y  l o c a t e d  engagement, I n i t i a l  entrance i n t o  t h e  guide r a i l s  would 
be as nea r  t h e  a s t r o n a u t  as  p o s s i b l e ,  
The guide 
h.  Clear v i s j b i l i t y  of engagement of camera wi th  guide ra i l s  
would be provided. 
f .  S p e c i a l  a t t e n t i o n  would be given t o  e lectr ical  connector de- 
s ign  t o  accommodate c o n n e c t h g  and d i sconnec t ing  f o r c e s  app l i ed  through 
the l a t c h i n g  mechanism. 
j. The handle  dimensions fol low: 
(1 1 Handle l e n g t h  - 5 .O i nches ,  minimum. 
(2 )  Handle c r o s s e c t i o n  - 1.25 inches  by 0.55 inch.  
(3 )  Clearance between handle  and mounting s u r f a c e  - 2.5 
inches,  minimum I 
(4) Angle of handle  axis t o  film magazine - 0 to -20 
degrees.  
A s  the f i l m  magazfne interface des ign  continued, t h e  conceptual  
development of the sun end and LM-end works t a t ions  w a s  proceeding toward 
s e l e c t i o n  of a f e a s i b l e  design.  Many f a c t o r s  combined to complicate  t h e  
t a s k ,  b u r  the maln d i f f i c u l t y  w a s  t h e  seemingly c o n t r a d i c t o r y  requirements 
f o r  op t imiza t ion  of each works t a t ion ,  i n  terms of reach and v i s i b i l i t y ,  
n o t  j u s t  i n d i v i d u a l l y ,  b u t  w i th  r e s p e c t  t o  o t h e r  works t a t ions  and, i n  
p a r t i c u l a r ,  w i th  r e s p e c t  t o  t h e  crew and cargo t r a n s f e r  system. I n t e r -  
a c t i o n s  between works t a t ions  and t r a n s f e r  systems, e s p e c i a l l y  i n  t h e  
"domino e f f e c t s "  of small changes became extremely d i f f i c u l t  to analy- 
t i c a l l y  p r e d i c t .  Therefore ,  f r equen t  s u i t e d  and s h i r t s l e e v e  s imula t ions ,  
i n  one g and zero g,  began t o  play an  i n c r e a s i n g  r o l e  i n  the conceptual  
design of t h e  film retrieval system. I n i t i a l  development work w a s  per- 
formed i n  one g befo re  t h e  creation of d e t a i l e d  drawings. When a concept 
appeared promising the development was continued i n  zero g s imula t ions  
us ing  n e u t r a l  buoyancy techniques i n  the MSFC n e u t r a l  buoyancy f a c i l i t y .  
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Continued problems with manual r e t r a c t i o n  of t h e  LM-end workstat ion 
d i agona l  s t r u t  prompted a trade-off s tudy of t h e  p o t e n t i a l  o p t i o n s .  
Fu r the r  ana lyses  had revealed t h a t  the ATM rack could no t  support  a n t i c i -  
pated launch loads  wi thout  some type  of s t r u c t u r a l  member. Replacing the 
sFngle s t r u t  with two s t r u t s  was shown i n  simulation co interface with the 
f i l m  r e t r i e v a l  ope ra t ion  bes ides  adding 75 pounds more weight than the  
s i n g l e  s t r u t  (Figure 27), The s i n g l e ,  r e t r a c t a b l e  strut w a s  finally 
r e r a i n e d ,  but  a pyrotechnic  p i n  removal device and a retraction mechanism 
t h a t  would au tomat i ca l ly  r e t r a c t  the s t r u t  be fo re  EVA were added. The 
s o l a r  pane l  suppor t  s t r u c t u r e  i n t e r f e r e n c e  had been minimized by r a i s i n g  
the cross beam and lowering the c a n i s t e r  and f o o t  r e s t r a l n t  platform. 
A s  a result the auxiliary f o o t  r e s t r a i n t :  was removed. The c a n i s r e r  r o l l  
c o n t r o l  system and alignment techniques were developed to provide a 
coa r se  rate of 7 deg rees / sec  and a fine r a t e  of 0.7 degrees / sec  w i t h i n  
t h e  r ede f ined  -120 t o  +I10 degree c a n i s r e r  r o l l  capability. Accurate 
p o s i t i o n i n g  of t h e  canister at each f i l m  access door could be achieved 
wi th in  f 1 degree-The manual gimbal tock c o n t r o l  provided five l o c k  
positions f o r  UM end f i l m  retrieval and one p o s i t i o n  for sun end f i l m  
retrieval. 
f o r  a s t r o n a u t  r each -and  v i s u a l  requirements and t h e  film magazines were 
compatible w i t h  rhe c a p a b i l i t i e s  of t he  pressure suited astronaut. By 
t h e  summer of 1968, t h e  LM-end workstat ion concept was ready f o r  des ign  
ver i f icat ion t e s t i n g  i n  zero g by n e u t r a l  buoyancy s imula t ion  and i n  
KC-135 f l i g h t s .  
The five c a n i s t e r  door opening sizes and l a t c h e s  were o p t h u m  
Figure 17, LM-End Workstation with Two Diagonal S t r u t s  
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2 .  Sun-End Workstation. The earliest ATM sun end development 
s imula t ions  were conducted du r ing  the period from March through June i n  
1967, u s i n g  a f u l l - s c a l e  mockup of the. ATM r ack  and a m u l t i p l e  degree- 
of-freedom mechanical zero-g s imula to r .  The o b j e c t i v e s  of t h e s e  pre- 
l imina ry  s imula t ions  were t o  i n v e s t i g a t e  access t o  t h e  f i lm magazines 
i n  t h e  sun end of the ATM c a n i s t e r ,  t o  e s t a b l i s h  t h e  f e a s i b i l i t y  of 
manual f i l m  magazine re t r ieva l  from t h e  sun end of t h e  ATM, t o  i d e n t i f y  
EVA support  equipment r equ i r ed  t o  accomplish t h e  magazine handl ing 
o p e r a t i o n  ( f o r  example: f i l m  magazine s t o r a g e  and t r a n s f e r ,  crew and 
equipment t e t h e r s  and t e t h e r  a t t a c h  p o i n t s ,  r e s t r a i n t s ,  a c c e s s i b i l i t y  
and work envelopes,  and l i g h t f n g  r equ i r emen t s ) ,  and t o  i d e n t i f y  t h e  
t a s k s  and task sequence r e q u i r e d  f o r  f i l m  retrieval. 
Two techniques and workstat ion des ign  concepts f o r  f i l m  retrieval 
w e r e  i n v e s t i g a t e d :  sun end f r o n t  a c c e s s  and .sun end s i d e  access .  Re- 
s u l t s  i n d i c a t e d  t h a t  e i t h e r  works t a t ion  c o n f i g u r a t i o n  w a s  p r a c t i c a l  for 
r e t r i e v i n g  at least  one f i l m  magazine, b u t  i t  w a s  no t  p o s s i b l e  t o  r e -  
trieve a l l  t h r e e  magazines from e i t h e r  works t a t ion  because of t h e  
l o c a t i o n  of t h e  magazines w i t h i n  t he  c a n i s t e r  and the design of t h e  
s c i e n t i f i c  i n s t rumen t s .  A s  a secondary o b j e c t i v e ,  t h e  s imula t ions  a l s o  
considered a l t e r n a t i v e  methods of ga in ing  access to t h e  c a n i s t e r  f o r  
f i l m  retrieval. S l i d i n g  doors ,  single-hinged ha tches  and double-hinged 
ha tches  on t h e  c a n i s c e r  access  opening were evaluated,and o p e r a t i o n a l  
c o n f i g u r a t i o n s  of t h e  access  doors ,  door l a t c h e s  and door hinges o r  
r o t a t i o n a l  dev ices  were proposed. 
Ar a des ign  review meeting held on June 19 ,  1967 a t  MSFC, a trade- 
off  s tudy o€ s i d e  v e r s u s  f r o n t  access  f o r  sun end film re t r ieval  i n d i c a t e d  
t h a t  front end r e t r i e v a l  w a s  s u p e r i o r .  The most important cons ide ra t ions  
were t h a t  t e l e s c o p e  r edes ign  would be r e q u i r e d  t o  make t h e  SO553 f f l m  
magazine a c c e s s i b l e  from the  s i d e ,  and t h a t  the g r e a t e r  d i s t a n c e  t o  be 
maneuvered w i t h  s i d e  access  as  compared w i t h  f r o n t  access posed p o t e n t i a l  
s a f e t y  hazards .  
a t  t h e  sun end, t h e  des ign  of a f i l m  magazine mate and demate mechanism 
was proposed t o  s o l v e  t h e  r each  problem. The mechanism would have t o  
release t h e  f i l m  magazine from t h e  s c i e n t i f i c  instrument  and p o s i t i o n  i t  
near t h e  c a n i s t e r  access opening w i t h i n  r each  of t h e  crewman, The same 
mechanism would be used t o  i n s t a l l  the  unexposed f i l m  magazines i n  t h e  
instrument .  This  concept w a s  d e l e t e d  i n  f avor  of a simple f o l d i n g  handle 
a t t ached  t o  t h e  f i l m  magazines, 
a d d i t i o n  of a solar s h i e l d  s t r u c t u r e  i n  t h e  workstat ion area and r equ i r e -  
ments f o r  temporary f i l m  magazine storage l o c a t i o n s ,  crew and f i l m  mag- 
a z i n e  t e t h e r s  and t e t h e r  a t t a c h  p o i n t s ,  and body r e s t r a i n t s .  
To accomplish f i l m  retr ieval  using only one works t a t ion  
Other c o n s i d e r a t i o n s  included t h e  
Follow-on studies w e r e  conducted du r ing  J u l y  and August of 1967 
t o  develop t h e  sun end,fronr  access works t a t ion  and t o  e v a l u a t e  through 
s imula t ion  t h e  f e a s i b i l i t y  o f  f i l m  retrieval without  t e t h e r i n g  the crew- 
man t o  the ATM c a n i s t e r ,  the s u i t a b i l i t y  of u s i n g  t h e  Gemini-type f o o t  
restraints for body res t ra in t ,  and methods Ear e r e c t i n g  and stowing the  
works t a t ion .  The requirements  f o r  stowing t h e  works t a t ion  and c r e w  body 
and equipment r e s t r a i n t s  were necessa ry  because nothing w a s  permit ted 
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t o  come i n  c o n t a c t  w i t h  thermal surfaces on the exterior of t h e  A n 4  
c a n i s t e r  or  w i th  t h e  s o l a r  panels. The information gained du r ing  these 
early sun end i n v e s t i g a t i o n s  con t r ibu ted  t o  the establisfiment of des ign  
requirements  and g u i d e l i n e s  t o  ensure c o m p a t i b i l i t y  w i t h  t h e  ATM sack 
and c a n i s t e r  design.  
During t h e  l a t t e r  months of 1947,  ana lyses  of t r a n s l a t i o n  r equ i r e -  
ments r evea led  t h a t  des ign ing  a f e a s i b l e  concept f o r  crew t r a n s l a t i o n  
would b e  extremely d i f f i c u l t  due co the l o c a t i o n  of t h e  sun end work- 
s t a t i o n  a t  the ATM fZ. axis ,  which w a s  135 degrees  around the  c a n i s t e r  
from t h e  LM-end workstation. Changes t o  t h e  experiment package d e l e t e d  
t h e  S055B instrument ,  leaving on ly  t h e  S082A and S082B cameras r e q u i r i n g  
access from t h e  sun end. The S055B w a s  r ep laced  by an SO83 camera t h a t  
would r e q u i r e  f i l m  retrieval and replacement from t h e  LM end. 
l a t i o n  s tud ies  a l s o  recognized t h a t  maneuvering through t h e  solar pane l s  
w a s  a critical problem. Because of t h e s e  factors ,  i t  w a s  recommended 
t h a t  the sun end works t a t ion  be l o c a t e d  a t  the RTfil +Y a x i s ;  t h e  trans- 
l a t i o n  d i s t a n c e  would be s h o r t e r  and t h e  EVA r o u t e  between t h e  work- 
s t a t i o n s  less o b s t r u c t e d  and more d i r e c t .  
t e g r a t i n g  the t r a n s l a t i o n  dev ices  and s o l a r  s h i e l d  wi th  t h e  sun end 
works t a t ion  w a s  a l so  recommended. 
The t r a n s -  
Analysis of concepts  for in-  
The fol lowing f u n c t i o n a l  design requirements  and c o n s t r a i n t s  were 
considered b a s i c  to t h e  development of t h e  new s u n  end fflm r e t r i e v a l  
concepts  : 
a.. The works t a t ion  a i d  would be capable  of being deployed o r  
pos i t i oned  e a s i l y  from a stowed p o s i t i o n  to an o p e r a t i o n a l  position and 
then r e t u r n e d  to  a stowed p o s i t i o n .  
b.  Deployment or p o s i t i o n i n g  of t h e  works t a t ion  a i d  would b e  
ope rab le  wi th  u s e  of Apollo thermal gloves.  
c. Mobil i ty  and s t a b i l i t y  c a p a b i l i t y  would be provided on the  
r e t r i e v a l  works t a t ion .  Such a i d s  would al low t h e  a s t r o n a u t  t o  use bo th  
hands s imultaneously.  
d.  Tools would n o t  be r equ i r ed  t o  a c t i v a t e  the  d e v i c e  used t o  
deploy o r  p o s i t i o n  t h e  f i l m  retrieval workstat ion.  
e. The works t a t ion  would provide easy access  t o  f i l m  magazine 
l o c a t i o n s  of experiments S082h and S082B and would not  i n t e r f e r e  wi th  
func t ion ing  of t h e  experiment a p e r t u r e s  o r  szar and sun s e n s o r s  at: t h e  
sun end of t h e  canister. 
f .  
access t o  the  a s t r o n a u t .  The stowage area would accommodate a minimum 
of  two magazines. 
Film magazines would have. temporary stowage located f o r  easy 
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These des ign  requirements el b i n a t e d  those concepts ,  such as 
shown i n  F igu re  18,  t h a t  involved permanent mounting of works t a t ion  
s t r u c t u r a l  members t o  t h e  sun-end s o l a r  s h i e l d  s u r f a c e s .  The i d e a s  
presented f o r  f i l m  uagazine stowage and s l i d i n g  f o o t  r e s t r a i n t s  were, 
however, r e f l e c t e d  i n  l a t e r  concepts.  I n  December 1967,  a t rade-off  
s tudy of t h r e e  proposed concepts w a s  completed. This  s tudy r e s u l t e d  
i n  another  concept designed t o  overcome human factors  problems revealed 
i n  t h e  e v a l u a t i o n  of t h e  t h r e e  concepts.  SLnce t h e  concepts were not  
named, they were designated as concepts I, I1 and 111. The s tudy w a s  
based on t h e  above d e s i g n  requirements and t h e  fol lowing c o n s t r a i n t s ,  
which had evolved f rom ATM experiment. des ign  a c t i v i t i e s  d u r i n g  the 
preceding f e w  months. 
3. Retrieval workstat ion could p h y s i c a l l y  con tac r  t h e  thermal. 
surfaces of t h e  ATM s o l a r  s h i e l d  and s o l a r  panels .  
b. Experiment thermal c o n t r o l  requirements p roh ib i t ed  t h e  
mounting of any strtrctuzes t o  t h e  c a n i s t e r  s u r f a c e .  
c. The experiment o p t i c a l  systems would n o t  be exposed t o  any 
extraneous i n c i d e n t  or back-scat ter ing i l l u m i n a t i o n  during experiment 
ope ra t ion .  
F igure  18. Sing1.e R a i l  Sun-End Morkstation Mounted on ATM Solar 
Shie ld  
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d .  N o  dev ice  o r  s t r u c t u r e  could p ro t rude  beyond t h e  sun end o f  
t h e  c a n i s t e r  wh i l e  i n  t h e  stowed p o s i t i o n .  
e .  The re t r ieval  works t a t ion  would be t h e  on ly  means of suppor t ing  
t h e  a s t r o n a u t  and f i l m  magazines. 
Concept I cons i s t ed  of t w o  p a r a l l e l  t r a n s l a t i o n  ra i ls  wi th  umbili-  
cal  guides  l o c a t e d  between the r a i l s  a t  i n t e r v a l s  of approximately t w o  
f e e t .  Also loca t ed  between t h e  rails  w a s  a suppor t ing  t ray €or f i l m  
magazines and t h e  r o l l - c o n t r o l  switch box. I n  t r a n s l a t i n g ,  t h e  a s t r o n a u t  
would push the  umbi l i ca l  p a s t  t h e  r e t a i n e r s  i n t o  the guides as he passed 
over them. 
r a i l s  ahead oE t h e  a s t r o n a u t .  For access t o  the sun end of t h e  c a n f s t c r ,  
the a s t r o n a u t  would unlock t h e  re t r ieval  works t a t ion  and r o t a t e  it u n t i l  
i t  locked i n t o  p l a c e  over t h e  sun end. Af t e r  t r a n s l a t i n g  around t h e  bend 
i n  the r a i l s  the a s t r o n a u t  would i n s e r t  h i s  f e e t  i n t o  f o o t  r e s t r a i n t s  
and o p e r a t e  t h e  r o l l - c o n t r o l  switch,  r o t a t i n g  t h e  c a n i s t e r  i n t o  p o s i t i o n  
f o r  magazine replacement.  Upon completion of the  t a s k ,  t h e  a s t r o n a u t  
would r e l e a s e  h i s  f e e t  from .the f o o t  r e s t r a i n t s  and back down the t r a n s -  
lar ; ion r a i l s ,  stowing t h e  retrieval works';ation by r o t a t i n g  toward t h e  
t r a n s l a t i o n  r a i l s  and  locking t h e  dev ice  i n t o  t h e  stowed position. 
The support ing f i l m  magazine t r a y  would be pushed along t h e  
Concept 11 cons i s t ed  of a t r a v e l  and support ing r i n g  loca ted  
approximately t h r e e  f e e t  from and surrounding t h e  sun end of t h e  c a n i s t e r .  
The t r a v e l  and suppor t ing  r i n g  was s t r u c t u r a l l y  supported t o  t h e  under 
s i d e  of the ATM r a c k  and t h e  ring. The r e t r i e v a l  works t a t ion  w a s  a 
c i r c u l a r  segment stowed along t h e  suppor t ing  r i n g .  
w a s  pivoted around a movable joint :  and could be locked i n  p l ace .  
t o  t h i s  c i r c u l a r  segment w e r e  two f o l d a b l e  t r a n s l a t i o n  rails  wi th  t h e  
umbi l i ca l  guides and a support  t r a y  f o r  t h e  f T l m  c a s s e t t e s  and roll- 
c o n t r o l  switch box. The t r a n s l a t i o n  ra i l s  formed an ex tens ion  of the 
t r a n s l a t i o n  rails which r a n  from the sun end t o  t h e  LM-end r e t r i e v a l .  
s t a t i o n .  The r e t r i e v a l  works t a t ion  w a s  deployed around the travel and 
support  r i n g  and t h e  c a n i s t e r  by walking around t h e  r i n g  wh i l e  holding 
onto t h e  re t r ieval  workstat ion.  C a n i s t e r  r o t a t i o n  d i d  n o t  have t o  be  
performed because t h e  t r a v e l  and suppor t ing  r i n g  e n c i r c l e d  t h e  c a n i s t e r .  
The c i r c u l a r  septent 
Attached 
Concept 111 cons i s t ed  of Gemini-type f o o t  r e s t r a i n t s ,  a waist- 
support  b a r ,  and t u b u l a r  handrails s t r u c t u r a l l y  supporred on t h e  ATM 
r a c k  s t r u c t u r e .  The t u b u l a r  h a n d r a i l  was l o c a t e d  on the lower e d g e  of 
t h e  h o r i z o n t a l  rack s t r u c t u r e  to provide hand and upper-body support  
du r ing  p o s i t i o n i n g  and reaching movements. The waist-support  bar w a s  
used f o r  s t a b i l i z a t i o n  while p o s i t i o n i n g  i n t o  f o o t  r e s t r a i n t s .  The f i l m -  
r e t r i e v a l  workstat ion w a s  r o t a t e d  and r e t r a c t e d  f o r  stowage while n o t  i n  
use .  
The b a s i c  disadvantages of t h e  t h r e e  concepts  were a s s o c i a t e d  
wi th  t r a n s l a t i o n  between t h e  solar  a r r a y s ,  w i th  reaching i n t o  t h e  c a n i s t e r  
€o r  film r e t r i e v a l ,  w i th  deployment of t h e  dev ice  i n t e r f a c i n g  wi th  the 
solar  s h i e l d ,  and wi th  p rov i s ions  f o r  temporary f i l m  s t o r a g e  dev ices .  
Also, t h e  stowage p o s i t i o n  of t h e  devices i n t e r f e r e d  w i t h  o p t i c a l  systems 
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and thermal c o n t r o l  requirements.  Concept LV, r e s u l t i n g  from t h e s e  
trade-off s t u d i e s ,  seemed t o  fuLfil.1, many of the requirements f o r  a 
f e a s i b l e  design.  
The concept I V  dev ice  would s t r a d d l e  t h e  t r a n s l a t i o n  r a i l  loca t ed  
between the LII-end works t a t ion  and t h e  sun end (F igu re  1 9 ) .  The l adde r  
type  celescoping p a r t  of t h e  workstat ion a i d  was stowed p a r a l l e l  t o  the 
permanently o r i e n t e d  nontelescoping p a r t  of the workstat ion a i d .  I n  t h e  
stowed p o s i t i o n ,  t he  t e l e scop ing  dev ice  would no t  extend above t h e  solar 
a r r a y s  o r  t h e  c a n i s t e r .  To deploy the workstat ion a i d ,  t h e  a s t r o n a u t  
would u n l a t c h  and extend t h e  t e l e scop ing  l adde r  p a r t  of t h e  works t a t ion  
a i d  (Step l), and revolve t h e  hinged l a d d e r  u n t l l  i t  w a s  a f i x e d  r i g h t -  
a n g l e  p o s i t i o n  loca ted  d i r e c t l y  above and pa ra l l e l  t o  t h e  c a n i s t e r  (Step 
2 ) .  
the c a n i s t e r  (Step 3)  t o  t h e  d e s i r e d  l eng th .  The a s t r o n a u t  would then 
climb onto  the  l adde r ,  a f f i x  body r e s t r a i n t s  and r e t r i e v e  the f i l m  
magazines. He. would then r e t r a c t  thP ladder device u n r i l  i t  re tu rned  t o  
its o r i g i n a l  stowage p o s i t i o n  parallel and a g a i n s t  t h e  nontelescoping 
part of t h e  device.  
T h e  a s t r o n a u t  would then extend and lock  t h e  t e l e scop ing  l adde r  over 
F igu re  1 9 .  Ladder-Type, Telescoping Workstation (Concept IY) 
Refinements of t h e  original concept t o  i n t e g r a t e  crew t r a n s l a t i o n ,  
cargo t r a n s f e r  and works t a t i an  hardware were inc3.uded a s  shown i n  
Figure 20. Extension of the  t r a n s l a t i o n  r a i l  over t h e  s o l a r  s h i e l d  and 
t h e  a d d i t i o n  of film magazine racks t o  t h e  f o o t  r e s t r a i n t s  provided the 
crewman w i t h  a combined mobi l icy  a i d  and cargo t r a n s f e r  dev ice  from the 
LM-end t u  the sun  end workstat ion device.  The problem of  maneuvering 
t h e  crewman and f i l m  magazines s a f e l y  through t h e  s o l a r  a r r a y s  t o  t h e  
sun end without mounting hardware t o  t h e  solar  s h i e l d  or  c a n i s t e r  seemed 
t o  be solved.  
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Figure  20. Combined Translat ion Raii and Ladder-Type Workstation 
(Ccincep t 1V) 
The bas ic  i d e a  presented by Coricept L-V r e su l t ed  in a number of 
simPLar concepts that  incorporar*d various methods o f  deploying the 
works ta t jon .  Some of the  concepts,  as shown in Figure  ZX,  included 
motor-driven devices to assist ?Fie crewman in erecting the workstation. 
Most of these ideas never prugressed beyond a simple skerch  and are 
presented here t o  re f lec t  the thoughts of the designers i n  f i n d i n g  
S Q ~ U ~ ~ O I I S  t o  t h e  workstation design problem. One of t h e  reasons f a r  
eliminating surne of t hese  designs was that some hardware! extended out-  
side of the ATM t.sithdrawal. envelope (F igure  10).  Others were simply 
too complex and would have required u n j u s t i f i a b l e  e f f o r t  t o  develop 
a re l iable ,  l igh tweight  design. 
The concurrent s t u d b s  and s i m u l a t i o n s  on translation and transfer 
devices had centered around a manual translation t~andrni l . ,  incorporating 
n s l i d i n g  f o o t  r e s t r a i n t  platform and s l i d i n g  f i l m  magazine stowage 
racks. These s t u d i e s  a l so  considered combining t h e  zranslation and work- 
s t a r i o n  devices i n t o  an integraced concept. Various continuous r a i l  
concepts were proposed t h a t  provided the EVA crewman a n  unbroken p a t h  
between the .AH hatch and the sun-end workstation. Figure  22 illustrates 
one of the s l i d i n g  tt7orkstation p l a t f o r m  and rail concepts, wJiich was 
rejected because of tlhe large bend r ad ius  r e q u i r e d  in the rail.  f a r  
directional changes. 
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F l g u r e  21. Variations of Sun-find Workstation Concept LV 
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Figure 2 2 .  S ing le  T r a n s l . a t i o n  R a i l ,  S l i d i n g  SJorkstation Concept 
Because of t h e  number of proposed concepts  and new techniques,  
sun-end works ta t ion  simulations cont lnr icd  under t h e  f o l l o w i n g  guide- 
l i n e s  : 
a .  S t a r t  w t th  the simplesr, s i n g l e  r a i l  concept and add comple- 
x i t y  as t h e  t a s k  requires. 
b. 
d i s t a n c e .  The Gemini f o o t  res t ra ints  r e q u i r e  r a i l s  spaced g r e a t e r  than 
2 1  inches a p a r t .  
necessary spacing. 
I f  two rails are r e q u i r e d ,  d e t e r m h e  t h e  optimum s e p a r a t i o n  
Also determine i f  l adde r  type rungs a re  requi red  and 
c.  Determine t h e  b e s t  placement f o r  f i l m  magazine holder .  
d. Determine if bo th  S082A and S082B magazines can be rep laced  
f r o m  one p o s i t i o n  o r  i f  the crewman must move between t h e  two. 
e. Diltermine the angle the workstation must be placed i n  r e l a t i o n  
t o  the. c a n i s t e r  and i f  r o t a t i o n  of t h e  workstat ion is required.  
E .  Determine t h e  optiinum he igh t  of t h e  works ta t ion  above t h e  
c a n i s t e r .  
R .  Determine i f  t h e  cani -s te r  gimbal r o l l  requirements  need t o  b e  
increased. 
During t h e  s p r i n g  of 1968, nany tests were conducted t o  inves- 
t i g a t e  t h e  var ious techniques and requirements and e s t a b l i s h  f e a s i b l e  
workstat ion concepts. 
The earliest of t h e s e  tes ts  w a s  conducted with a s i n g l e  r a i l  
mounted above t h e  canister s u r f a c e  t h a t  could be e a s i l y  r e l o c a t e d  t o  
va ry  the  s tandoff  d i s t a n c e  and to  sirnulace va r ious  degrees  of c a n i s t e r  
r o t a t i o n .  Gemini-type foot r e s t r a i n t s  and a film rnagazfne con ta ine r  
were mounted t o  s l i d e  along t h e  r a i l .  The test s u b j e c t  was s u i t e d  and 
p res su r i zed  and performed t h e  t a s k  i n  t h e  s ix  degree-of-freedom s imula to r .  
F igu re  23 shows t h e  t e s t  con f igu ra t ion  and some of t h e  problems encoun- 
t e r e d .  Considerable  d i f f i c u l t y  was experienced wi th  t h e  f o o t  r e s t r a in t s  
and w i t h  t h e  crewman's helmet and f a c e  p l a t e  c o n t a c t i n g  t h e  rail, stowage 
con ta jne r  and c a n i s t e r  a c c e s s  doors .  Any a t t e m p t  t o  move off  t h e  r a i l  
axis t o  extend h i s  reach r e s u l t e d  i n  f o o t  disengagement from t h e  foot: 
r e s t r a i n t s .  H i s  knees a l s o  contacted t h e  c a n i s t e r  s u r f a c e  and t h e  f i l m  
magazines w e r e  r e p e a t e d l y  bumped a g a i n s t  t h e  face of t h e  canister durlng 
retrieval.  Although t h e  c a n i s t e r  magazine loca t ions  were w i t h i n  t h e  
reach envelope, f i l m  magazine r e t r i e v a l  w a s  extremely d i f f i c u l t ,  espec- 
i a l l y  wi th  the  5082B elongated handle,  which r equ i r ed  the s u b j e c t  t o  
release his hand from t h e  r a i l  and back away f o r  t h e  magazine t o  c l e a r  
t h e  c a n i s t e r  a p e r t u r e .  
F i g u r e  23.  Sing le  R a i l  Sun End F i l m  Retrieval Simulation 
32  
The tes t  f i x t u r e  w a s  modified t o  a d u a l ,  t ubu la r  ra i l  platform,  
a t t ached  to t h e  s i n g l e  t r a n s l a t i o n  r a i l  (Figure 2 4 )  and o r i e n t e d  to l i e  
between t h e  c a n i s t e r  access doors wi th  the c a n i s t e r  r o t a t e d  8D degrees  
clockwise.  In s t ead  of a toe-out p o s i t i o n ,  the f o o t  r e s t r a i n t s  were 
mounted t o  provide a s l i g h t  toe-in e f f e c t  co  reduce t h e  tendency of f o o t  
disengagement du r ing  l a t e r a l  movement. In  a d d i t i o n ,  Velcro material was 
added t o  t h e  h e e l  area f o r  f u r t h e r  s e c u r i t y .  The  crewman could move t h e  
works t a t ion  r i g h t  o r  l e f t  to  f a c i l i t a t e  f i l m  retr ieval .  
S082A and S082B f i l m  magazines w e r e  made a v a i l a b l e ,  complete wi th  guide 
r a i l  and l a t c h i n g  h a n d l e s .  
High f i d e l i t y  
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Figure  24,  Dual Rail Workstation Platform T e s t  Configurat ion 
I - n i t l a l  s imu la t ions  wi th  t h i s  conf igu ra t ion  r evea led  t h a t  t h e  
crewman st-ill experienced d i f f i c u l t y  wi th  h i s  f e e r  coming ou t  of t he  
f o o t  r e s t r a i n t s  o r  h i s  knees c o n t a c t i n g  t h e  c a n i s t e r  s u r f a c e .  The f o o t  
p l a t fo rm would bind on the d u a l  r a i l s  d u r i n g  t r a n s l a t i o n  and handhold 
areas w e r e  inadequate.  A number of f i l m  magazine mod i f i ca t ions ,  canister 
door s i z e  changes, and hinge r e l o c a t i o n s  were recommended. The work- 
s t a t i o n  w a s  f u r t h e r  modified t o  e l i m i n a t e  t h e  90 degree bend in the d u a l  
ra i ls  and provide an ex tens ion  of t h e  r a i l s  f o r  handholds. The work- 
s t a t i o n  w a s  mounted i n  t h e  ver t ica l  plane from t h e  ATP1 +Y axis  a c r o s s  
t h e  sun end c a n i s t e r  f a c e  toward t h e  -Y axis .  The d u a l  ra i l s  were ele- 
vated 9 inches above t h e  c a n i s t e r  (Figure 251, whi le  t h e  s i n g l e  r a i l ,  
which c a r r i e d  a sLiding mist  t e t h e r  r i n g  and f i l m  magazine stowage 
con ta ine r ,  w a s  e l eva ted  4 i nches  above t h e  c a n i s t e r  s u r f a c e .  
I n  a d d i t i o n  t o  t h e  80 degree clockwise c a n i s t e r  r o t a t i o n  used i n  
t h e  prev ious  test (Figure 26), 95 degree and 1 1 2  degree counterclockwise 
c a n i s t e r  r o l l  p o s i t i o n s  were t n v e s t i g a t e d  f o r  the f i r s t  t i m e  i n  t h e  f i n a l  
series of s imula t ions .  During t h e  t e a t s ,  t h e  crewman had d i f f i c u l t y  
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F i g u r e  25. Modified Dual R a i l  
Workstation T e s t  
Configuration 
Figure  26. Sun End F i l m  Retrieval 
With Can i s t e r  Rotated 
80' Clockwise 
i n s e r t i n g  h i s  f e e t  into the f o o t  res t ra ints  because of poor v i s i b i l i t y .  
The foot r e s t r a i n t s  w e r e  v a r i e d  between toe-in and toe-out p o s i t i o n s  
and with di f fe ren t  spacing t o  alleviate t h e  cont inuing  f o o t  disengagement 
problems. Mounting t h e  f o o t  r e s t r a i n t s  w i t h  a s l i g h t  toe-in e f f e c t  
appeared to  be t h e  most d e s i r a b l e  position. T h e  95 d e g r e e  counterclock- 
w i s e  c a n i s t e r  roll a n g l e  proved most e f f e c t i v e ,  as both the S082A and 
S082B film magazines w e r e  accessible without  swinging t h e  workstation to 
t h e  s i d e  (Figure 27).  
The basic body p o s i t i o n  t o  canister access  door r e l a t i o m h i p  d i d  
not d e v i a t e  s i g n i f i c a n t l y  throughout the development of a sun-end work- 





Figure 2 7 .  Dual-RxLl P l a t f o r m  Wfth Can i s t e r  
Rotated 95" Counterclockwise 
bas is  o f  t h e  developmental s imula t ion  tests, the problems involved i n  
mounting hardware o u t s i d e  of t h e  s o l a r  shield f o r  e r e c t i n g  the worksta- 
t i o n  had not  been resolved.  Also,  i t  had become apparent  t h a t  w i t h  the 
c a n i s t e r  rotated t o  the 95 or  112 degree counterclockwise p o s i t i o n ,  
t r a n s l a t i o n  across t h e  sun-end was n o  longer  r equ i r ed .  With this know- 
l e d g e ,  t h e  i n t e g r a t e d  t r a n s l a t i o n  r a i l  concepts were reconsidered and 
by c u t t i n g  away a p o r t i o n  of the so lar  s h i e l d ,  adequate c lea rance  f o r  a 
workstat ion device combined w i t h  the t r a n s l a t i o n  rail could be achieved 
(Figure 28). 
On J u l y  19, 1968, a LM/ATM EVA working group meeting w a s  he ld  t o  
review the EVA design c r i t e r i a ,  EVA concept t r a d e  studies, and e g r e s s  
and i n g r e s s  c o n s i d e r a t i o n s .  Agreement w a s  reached t h a t  changing t h e  
primary EVA e g r e s s  l o c a t i o n  from the AM ha tch  t o  t h e  LM forward hatch 
would provide the h ighes t  p r o b a b i l i t y  f o r  EVA mission success  coas i s -  
t e n t  w i th  crew s a f e t y .  Fu r the r  s t u d i e s  were recommended t o  determine 
the optimum locations f o r  t he  ATM works ta t ions  t o  s h o r t e n  the EVA t r a n s -  
l a t i o n  r o u t e s .  A yruposed sun-end works t a t ion  concept,  u t i l i z i n g  t h e  
advantages of increased c a n i s t e r  r o l l  limits, w a s  a l s o  presented  a t  t h e  
meeting. The  device would c o n s i s t  of a two-rafl manual t r a n s l a t i o n  
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Figure  28. S o l a r  Sh ie ld  Opening f o r  Combined Trans l a t ion  
R a i l  and Sun-End Workstation Concept 
method, leading t o  t h e  s o l a r  s h i e l d ,  w i t h  s t a b i l i t y  augmented by 
t e t h e r s .  A r o t a t i n g  s e c t i o n  i n  the s o l a r  s h i e l d  would serve as  p a r t  
of the works ta t ion  (Figure 29) .  T h e  working group agreed t h a t  t h e  
concept: w a s  worthy of f u r t h e r  cons ide ra t ion  and development w a s  begun 
i n  l i g h t  of t h e  imminent changes r equ i r ed  upon approval. of t h e  EVA 
e g r e s s  r e l o c a t i o n .  
D .  T rans fe r  and T r a n s l a t i o n  Concepts 
A major problem i n  developing t h e  EVA system involved derer -  
mining how t o  ge t  t h e  crewman and h i s  cargo t o  and from t h e  worksta- 
t i o n s  unharmed, withour damage t o  t h e  v e h i c l e  e x t e r i o r ,  wi thout  physi-  
c a l l y  t ax ing  t h e  crewman, and wi thout  exceeding t h e  s p e c i f i e d  EVA t i m e  
c o n s t r a i n t s .  P r e l i m i n a r y  s t u d i e s  were conduct-ed dur ing  t h e  ea r ly  p a r t  
of 1967 t o  examine t h e  requirements  f o r  equipment t o  support  the  EVA 
t a s k s .  The early w e t  workshop c l u s t e r  conf igu ra t ion  r equ i r ed  suited 
EVA and IVA throughout t h e  c l u s t e r  dur ing  a c t i v a t i o n  and r e a c t i v a t i o n .  
A l l  s u r f a c e s  w e r e  r e l a t i v e l y  c l u t t e r e d  and presented  snag and entangle-  
ment hazards  f o r  the EVA crewman. The requirement t h a t  EVA be conducted 
from t h e  AM ha tch  f o r  ATM f i l m  retr ieval  (Figure 30) seemed t o  compound 
t h e  problems, and v a r i o u s  combinations o f  umbi l i ca l  l e n g t h s  and connec- 
t i o n  p o i n t s  were analyzed dur ing  one-g walk-through simulations. The 
use  o f  water  and gaseous s u i t  coo l ing  L O O ~ S  were considered.  An 
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Figure  29. Concept  f o r  Sun-End Works ta t ion  On 
Rotating Sola r  Sh ie ld  Sec t ion  
umbi l i ca l  l e n g t h  of 60 feel: with p rov i s i .ms  f o r  cool ing  water and a 
mechanical t e t h e r  w a s  selected. Handling and managing t h e  long umbfl- 
icals  t o  prevent  damage, extended t r a n s l a t i o n  over i r r e g u l a r  s u r f a c e s ,  
and equipment handling posed combined problems f o r  t h e  EVA crewman and 
i n d i c a t e d  t h a t  a secu re  mobility a i d  system was requ i r ed .  The p o s s i b i l -  
i t i e s  f o r  u m b i l i c a l  entanglement c rea t ed  cons ide rab le  concern because 
of t h e  l ack  of experience wi th  long umbilicals. 
Evaluat ion of previous Gemini experience and early AAP workshop 
equipment rransfer s t u d i e s  suggested t h a t  t h e  b a s i c  m o b i l i t y  a i d  should 
be a handra i l .  A s i n g l e  r a i l  would s u f f i c e  i n  most cases, b u t  d u a l ,  
p a r a l l e l  rails would be p r e f e r r e d  f o r  hazardous o r  f r e q u e n t l y  t r a v e l e d  
r o u t e s .  The h a n d r a i l  developed f o r  earlier space walks had a r e c t a n g u l a r  
c ros s - sec t ion  approximately 1 1 / 4  inc-hes by 1 / 2  inch. These f i n d i n g s  
r e s u l t e d  in t h e  development of concepts  t o  combine m o b i l i t y  a j d  hand- 
rails wi th  t h e s e  basic dimensions, w i th  c r e w  and umbi l i ca l  t e t h e r s  and 
equipment t r a n s f e r  devices. The major problem encountered i n  develop- 
ment of a h a n d r a i l  systm w a s  t h e  d i s c o n t i n u i t y  r equ i r ed  i n  t h e  ra i l s  
because of the assembly of the  c l u s t e r  modules on o r b i t .  
I n  o rde r  t o  shorten the a s t r o n a u t  t r a n s l a t i o n  and f i l m  t r a n s f e r  
d i s t a n c e s  t o  and from the hM ha tch ,  i t  was recommended, dur ing  t h e  summer 
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Figure 30. Am F i l a  R e t r i e v a l  EVA Routes 
of 1967,  t h a t  f i l m  re t r ieva l  be  conducted from t h e  LM forward ha tch  
r a t h e r  than t h e  AM hatch.  Since the LM contained t h e  ATM experiment 
c o n t r o l s  and had i t s  own independent power source,  e g r e s s  from t h e  LM 
forward hatch provided a d d i t i o n a l  advantages,  p a r t i c u l a r l y  w i t h  t h e  free- 
f l y i n g ,  decoupled LM/ATN backup mission s t i l l  under cons ide ra t ion .  The 
film magazines could be stowed in the LM cabin insread of i n s i d e  the AM, 
which would reduce t h e  d i s t a n c e  r equ i r ed  f a r  t ransfer  and t h e  r i s k  o f  
damage. I n  a n t i c i p a t i o n  of approval f o r  this change t h e  emphasis on ATM 
film r e t r i e v a l  EVA s t u d i e s  centered around crew t r a n s l a t i o n  and t r a n s f e r  
of film magazines i n  t h e  v i c i n i t y  of t h e  LH/AT?l and between t h e  two 
workstat ions.  
During t h i s  per iod ,  however, t h e r e  was much concern for the t o t a l  
workload t o  which t h e  c r e w  would be sub jec t ed ,  p r imar i ly  because of t h e  
Gemini EVA experience. Many concepts f o r  c rew t r a n s l a t i o n  and f i l m  maga- 
z i n e  t r a n s f e r  w e r e  i n v e s t i g a t e d  and s h u l a t e d  us ing  t h e  existing work- 
station concepts. 
r a i l  systems c o n s i s t i n g  of handra i l s  a f f i x e d  t o  t h e  ?IDA and LM/ATM 
e x t e r i o r  w i th  umbi l i ca l  g u i d e s  and f o o t  r e s t r a i n t s ,  a fek- des igns  con- 
s ide red  t e l e scop ing  or ex tend ib le  booms of v a r i o u s  types.  Because of 
While the most promising concepts being analyzed w e r e  
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the  preoccupat ion w i t h  crew workload, some of the. ear ly  concepts  were 
highly automated . 
One o f  the ear l ies t  automated devices  considered w a s  a s e r p e n t i n e  
a c t u a t o r  o r  "serpentuator" .  
nected, i nd iv idua l ly  c o n t r o l l e d  and powered, a r t i c u l a t e d  l i n k s  w i t h  a 
r o l l  r i n g  base and a payload-control s t a t i o n  a t  i t s  t i p  (F igure  3 1 ) .  




F igure  31. Serpentuator  Concept 
The se rpen tua to r  would pick up t h e  a s t r o n a u t  and seven film magazines 
a t  the egres s  ha tch  and deliver them t o  t h e  A P f  works ta t ions .  
g a t i o n s  t o  determine t h e  f o r c e s  which could b e  generated by se rpen tua to r s  
of v a r i o u s  l eng ths ,  diamettzrs and number of segments showed t h a t  i t s  pay- 
load  c a p a b i l i t y  w a s  adequate  f o r  t h e  t r a n s l a t i o n  task. S tud ie s  of t h e  
concept were  continued t o  eva lua te  geometric c a p a b i l i t i e s ,  s a f e t y  a spec t s  
and c o n t r o l  requirements.  Figure 32 shows the  se rpen tua to r  concept 
dur ing  eva lua t ion  with s c a l e  models of the cluster t o  determine reach  
envelopes.  These e a r l y  s t u d i e s  showed chat the  se rpen tua to r  concept w a s  
a f e a s i b l e  t r a n s f e r  and t r a n s l a t i o n  device and provided j u s t i f i c a t i o n  
f o r  cont inuing  the i n v e s t i g a t i o n s .  Design requirements  w e r e  i d e n t i f i e d  
t o  provide gu ide l ines  f o r  f u r t h e r  development. The problems associated 
w i t h  umbi l i ca l  management dur ing  t r a n s l a t i o n  an the se rpen tua to r  were 
recognized and s e v e r a l  techniques w e r e  s tud ied  t o  c o n t r o l  t h e  umbi l i ca l s .  
Figure 33 i l l u s t r a t e s  one of the methods considered along wi th  a concept 
f u r  the cargo r a c k  and c o n t r o l  s c a t i o n  platform. Although q u i t e  heavy 
Inves t i -  
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Figure  32. Serpentuator  Concept Evaluat ion Model 
and complex, t h e  se rpen tua to r  o f f e red  cons ide rab le  savings i n  crew work- 
load and w a s ,  t h e r e f o r e ,  given i n i t i a l  emphasis over o the r  boom concepts.  
"Roll-up" booms , which formerly had been used as antennas and 
g rav i ty -g rad ien t  s t a b i l i z a t i o n  devices on unmanned satel l i tes ,  w e r e  a l s o  
considered f o r  c r e w  t r a n s l a t i o n .  a ids  and cargo t r a n s f e r .  F igure  34 shows 
the deployed c o n f i g u r a t i o n  of t h i s  concept.  
a funnel  shaped r e c e p t a c l e  a t  t h e  works t a t ions  and provide a continuous 
rail €or  hand-over-hand c r e w  t r a n s l a t i o n .  Two types of r o l l - u p  booms 
were i n v e s t i g a t e d .  The Bi-Storable,  Tubular Extendible  Member (STEM} 
system provided a d i r e c t  path between t h e  AM hatch and the sun end o r  
LM-end workstat ions.  I n  the stowed p o s i t i o n  t h e  STEM boom cons i s t ed  of 
two f l a t  m e t a l  s t r i p s  wound simultaneously on a s i n g l e  reel (Figure 35). 
During t h e  deployment the s t r i p s  formed. two  columns, one i n s i d e  the 
o t h e r ,  and extended i n  8 s t ra ight  l i n e  i n t o  the r e c e p t a c l e ,  The STEM, as 
it  was  extended o r  r e t r a c t e d ,  would t r a n s f e r  t h e  film. 
The boom t i p  would engage 
The App l i ca t ion  Technology S a t e l I . i t e  (ATS) boom system w a s  sim-ilar 
and deployed i n  the same manner as the STEM. The ATS boom cons i s t ed  of a 
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Figure  3 3 .  Serpentuator Umbilical  Management and 
Cargo Carrier Concept 
F-igure 34.  Rol l -Up  Extendih1.e-born Deployment Concept 
f l a t  metal s t r i p  stowed OR a reel (Figure 36) .  A s  the s t r i p  unrolled, 
tt curled into a tubu la r  shape with an  interlocking, rigid s e a m .  
Another mobile boom s y s t e m ,  c a l l e d  the A s t r o  Mast o r  l a t t i c e  boom, 
was also inves t iga t ed  as a means of delivering t he  crewman to both work- 
stations or the  Df hatch. It would be mounted on the AM and w a s  made up 




F i g u r e  35 .  Bi-Storable, Tubular Extendible  Member 
(STEM) Device 
bottom element of the boom was rotated, w h i l e  t h e  upper elements were 
restricted from r o t a t i n g  dur ing  extension of the column. T h i s  a c t i o n  
forced the  t r u s s  members t o  unfo ld  and lock id place,  The c a n i s t e r  
base could b e  rol led and pivoted t o  di rec t  t h e  f r e e  end of t h e  boom t o  
the des i red  location. One longeron i n  each s t r u c t u r a l  s e c t i o n  could be 
constructed s h o r t e r  than the  other two t o  produce an a r c  or  bend i n  the 
column thereby enab1iRg t h e  free end t o  reach p o i n t s  not  a t t a i n a b l e  by 
l ine-of -s ight  translation. 
The boom concepts remained under  cons ide ra t ion  as a method of 
cargo transfer and as a crew t r a n s l a t i o n  a i d  throughout t h e  ea r ly  
development period.  
rails w a s  u l t i m a t e l y  selected as a pr imary s y s t e m  because of che cornplex- 
i t y  of t h e  boom devices, the 'lack of s u f f i c i e n t  hending s t i f fnes s ,  and 
the potential hazards related to t h e  metal t a p e s  forming the rol l -up 
boom elements. The simpler  booms, however, continued t o  be s tudied  
f o r  f i l m  magazine t ransfer .  
cargo transfer d e v i c e  because of I t s  considerable  weight and complexity 
and the requirement that any mechanically augmented t r a n s l a t i o n  device 
have a manual backup capability. 
Mania1 t ranslat ion by the crewman using, f lxed hand- 
The se rpen tua to r  w a s  re jected as a crew and 
Toward the  end of 1967, the most p r o n i s i n g  manual translation con- 
cept for moving between the sun end and LM-end workstations appeared t o  









Cross -Sect i  on 
Plgurc  36. Application Technalogy Satellite (ATS) Boom Deployer: 
Fi.gure 37. Astro Nast. Latt ice Room Deployment Concept 
4 3  
s l i d i n g  Gemini-type foot r e s t r a i n t s  and a separate. umbi l i ca l  c l i p  rail 
(Figure 381, a t t a c h e d  t o  the. rack s t r u c t u r e  a t  t h e  AZm +Y a x i s .  
development simulations, both  i n  one g and with the s i x  degree-of-freedom 
s imula tor ,  had proven the f e a s i b i l i t y  of the bas ic  concept and a n e u t r a l  
buoyancy mockup was prepared for further evaluation. 
Design 
- ..... . ~ ..~. 
S1 i d i n g  
Foot  
Restraints Umbi 
C l i p  
i ca 
Ra i 
--\I Translatlon Rail 
Figure 38. S i n g l e  R a i l  Manual Translation Concept 
The n e u t r a l  buoyancy tes t ,  performed i n  December 1967, evaluated 
the translation task both with and without foot r e s t r a i n t s .  Examination 
of the  test  results revealed the following in€ormation: 
I -  Translation with f o o t  r e s t r a i n t s  was poss ib l e  and provided 
e x c e l l e n t  security f o r  the crewman, however, b i n d i n g  of the f a o t  res- 
t r a i n t s  on the rail significantly increased the crewman’s workload. 
2. The proposed s i n g l e  t r a n s l a r i o n  r a i l  concept w a s  inadequate ,  
The umbi l i ca l  c l i p  r a i l  w a s  used as a translation r a i l ,  t h e r e f o r e ,  a 
two-rail  system appeared more p r a c t i c a l .  
3 .  The proposed umbi l i ca l  c l i p  was not usab le  because of a reach 
and balance problem. Since t h e  umbil ical  must be res t ra ined  dur ing  
t r a n s l a t i o n  to  prevent  entanglement, the r e s t r a in t  system should be 
located d i r e c t l y  in f r o n t  of the crewman and clipped between the trans- 
l a t i o n  rails. 
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The knowledge gained from rhese ear ly  s imula t ions ,  whi le  performed 
with l o w - i i d e l i t y  mockups, r evca led  t h a t  the concept of manual t r a n s l a t i o n  
us ing  h a n d r a i l s  was f e a s i b l e  and worthy of f u r t h e r  development, 
became a p p a r e n t  that t h e r e  w e r e  many advantages t o  i n t e g r a t i n g  t h e  sun 
end works t a t ion  w i t h  t h e  t r a n s l a t i o n  dev ice  located between t h e  work- 
s ta t ions .  Tn e a r l y  1968, cons ide ra t ion  was given t o  f i l m  t r a n s f e r  by 
means of a s l i d i n g  platform, which he ld  the f i l m  magazines, a t t a c h e d  t o  
a s i n g l e  cont inuous translation rail running from t h e  ATN hatch t o  the 
LM/ATN (Figure 39) .  The exper ience  w i t h  s l i d i n g  foot  r e s t r a i n t s  and the 
p r o b l m  of e r c c t i n g  t h e  r a i l  system, tiowever, l e d  t o  de-emphasis of such 
devices  in f a v o r  of s i m p l e r  means o f  t r a n s l a t i o n .  Although t h e  idea of 
a c o n t i n u o u s  rail was subsequent ly  dropped ,  some of the f e a t u r e s  of tho 
system found t h e i r  way i n t o  design concepts  f o r  the  combined sun  end 
works ta t  Lon and t r a n s l a t i o n  device  (Figure 2 9 ) .  
T-t also 
, ... . -. 
... . 
Figure  39 Continuous R a i l  T rans l a t ion  System 
A s  development progressed and understanding of man's ability t o  
conduct o r b i t a l  W A  i nc reased ,  t h e  complexity of the t r a n s l a t i o n  and 
t r a n s f e r  concepts decreased.  The use  of h a n d r a i l s  f o r  crew t r a n s l a t i o n  
between the  MI hatch  and the LM/AZ?? works ta t ions  became t h e  primary o r  
b a s e l i n e  mode and work centered  around r e f i n i n g  t h e  proposed r o u t e s  
across the c l u s t e r  s u r f a c e s .  Fkgure 40 shows the handrail l o c a t i o n s  f o r  
access t o  t h e  MDA docking p o r t s  and ihe LM/ATM a s  envis ioned ?leiore  t h e  
EVA egress changed t o  the Df ha tch .  Development of concepts  f o r  cargo 
t ransfer ,  however, wc5-e still. c o n t i n u i n ?  wi th  emphasj 9 un mechanical 
a s s i s t a n c e  devices  to supplement L-he manual t r a n s i e r  of f i l m  magazines. 
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The a p p l i c a r i o n  of  smallex STE3 booms and t e l e scop ing  rails  were proposed 
as a means of' f i l m  magazine trqnsfer. 
Figure  40. Cluster EVA T r a n s l a t i o n  Handrail Locations 
Concurrently with the  concept: definition activities f o r  t r a n s l a t i o n  
and transfer methods, s t u d i e s  were being performed that i d e n t i f i e d  t h e  
operational advantages of changing the EVA egress and i n g r e s s  p o i n t  from 
the AM hatch t o  the LM forward hatch. These s t u d i e s  determined the follow- 
ing advantages f o r  us ing  the TN hatch: 
1. Manual translation t a s k  minimized. 
2 .  Cargo handl ing and t r a n s f e r  minimized .  
3 .  Exposure t i m e  minimized f o r  b o t h  cargo and crew. 




Umbilical handling and con t ro l  s i m p l i f i e d .  
Minimum length o f  umbili.ca1 required. 
During t h e  summer of 1968,  it w a s  recommended that t h i s  change. be 
adopted as a new baseline by the i n t e r c e n t e r  EVA working group. 
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SECTION IV. FINAL WET WORKSHOP CONCEPT - EVA EGRESS FROM LM 
The change t o  EVA pgress  from t h e  L7.I forward ha tch  shortened t h e  
t r a n s l a t i o n  d i s t a n c e  t o  t h e  RTM works ta t ions ,  b u t  r equ i r ed  r e -eva lua t ion  
of t h e  works t a t ions  and t h e i r  r e l a t i o n s h i p  t o  crew t r a n s l a t i o n  methods 
and film magazinc stowage and t r a n s f e r  techniques. The l oca t ions  of t h e  
works t a t ions  with r e s p e c t  t o  t h e  LM hatch s t i l l  involved cons ide rab le  
t r a n s l a t i u n  d i s t a n c e  around t h e  comp1.e~ ATM rack  s t r u c t u r e  and through 
t h e  so la r  a r r a y s .  hlthorigh t h e  TA-end workstat ion had reached a n  ad- 
vanced s t a g e  of development, t h e  sun-end works t a t ion  was s t i l l  i n  a 
conceptual  phase,  and t h e  e n t i r e  EVA f i l m  r e t r i e v a l  t a s k  r equ i r ed  re- 
examination t o  provide an i n t e g r a t e d  sys t em.  
This  s e c t i o n  of t h e  r e p o r t  d e s c r i b e s  the  EUA system development 
from t h e  change over  t o  e g r e s s  from t h e  LM h a t c h  i n  mid-1968 t o  t h e  
f i n a l i z a t i o n  of the wet, workshop system i n  mid-1964. Design s t u d i e s  
continued d u r i n g  t h i s  per iod  wi th  the  v a r i o u s  one-g mockups and m u l t i p l e  
degree-of-freedom s imula to r s .  However, zero-g s imula t ion  techniques,  
u s i n g  t h e  n e u t r a l  buoyancy f a c i l i t y  a t  MSFC and KC-1-35 a i r c r a f t ,  began 
t o  play an inc reas ing  r o l e  i n  t h e  development of promising des ign  concepts .  
F i n a l  v e r i f i c a t i o n  of the cand ida te  concepts w a s  normally performed i n  
n e u t r a l  buoyancy s imula t ions ,  while  t he  K C - 1 3 5  flights were used t o  v e r i f y  
s p e c i a l  a s p e c t s  of the equi.pment. The a i r c r a f t  technique provided  
approximately 30 seconds of zero  g during each pa rabo l i c  f l i g h t  maneuver 
and involved those tests where ze ro  g or  dynamic response were t h e  most 
important c o n s i d e r a t i o n s .  Such t e s t s  included: umbi l i ca l  stowage 
e v a l u a t i o n ,  package t r a n s f e r  and mass handling s t u d i e s  and f i l m  magazine 
o p e r a t i o n s .  
A .  Clus te r  Configurat ion 
The f i n a l  wet workshop mission s t i l l  r equ i r ed  fou r  Sa tu rn  IB launch 
veh ic l e s .  
developed, however, and no longer  r equ i r ed  a crewman on board. The number 
of docking p o r t s  on t h e  MDA w a s  reduced to a s i n g l e  a x i a l  p o r t  and t w o  
r a d i a l  p o r t s  - one f o r  t h e  LM/ATM and one spare p o r t  f o r  a CSM. 
a r r a y  systems were r e f i n e d ,  and t h e  SLA panels would be j e t t i s o n e d  during 
launch. 
41.  
Unmanned rendezvous and remote docking of t h e  T,M/ATY had been 
The solar  
The f i n a l  w e t  workshop o r b i t a l  c o n f i g u r a t i o n  is  shown i n  F igu re  
The luna r  module a s c e n t  s t a g e  w a s  modified t o  accommodate f i l m  
magazine and umbi l i ca l  stowage f o r  t h e  f i l m  r e t r i e v a l  ope ra t ions  and re- 
designated t h e  "LM-A". The p lans  f u r  an a l r e r n a t e  mission w i t h  t h e  LM/ATM 
docked wi th  t h e  CSN were continued to provide a conti.ngency mission i n  the 
event  of problems with t h e  workshop mission. 
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Figure  41 .  F i n a l  Wet Workshap O r b i t a l  Configurat ion 
B. EVA Requirements and Guidelines 
The cont inuing des ign  development: of v e h i c l e  systems, ATM experi- 
ment inst ruments ,  and a s t r a n a u r  l i f e  support systems, combined with a 
b e t t e r  understanding of man's EVA c a p a b i l i t i e s ,  served to eliminate 
some constraints on EVA system design and t o  c l a r i f y  some of t h e  more 
l i m i t i n g  requirements.  One of t he  most s i g n i f i c a n t  changes was t h e  
conversion of che SO83 experiment from a fila camera t o  a v ideo  d a t a  
r e t r i e v a l  system. This mod i f i ca t ion  left four  f i l m  magazines requiring 
removal and replacemenr from the LM end. Design evo lu t ton  of the po r t -  
able life support  systems a s  a backup mode t o  umbilical EVA resulted i n  
t h e  Portable Environmental C o n t r o l  S y s t e m  (PECS) as a proposed replace-  
ment f o r  t h e  lunar  PLSS. 
used one time and had t o  be recharged on rhe ground. 
i ng  the PECS promoted consideration of performing EVA w i t h  l l f e  support  
umbi l i ca l s  alone. The u s e  o f  the PECS, however, remained under evalua- 
tion as  t h e  l i f e  suppor t  s t u d f e s  continued and r equ i r ed  that c l e a r a n c e  
envelopes f o r  t h e  sufted crewmen consider  t h e  p o s s i b i l i t y  of us ing  t h e  
backpack. 
The PLSS was r e j e c t e d  because f t  could only be 
The cos t  of develop- 
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The fo l lowing  r e q u i r m e n t s  and gu ide l ines  r e f l e c t  change t o  t h e  
l i s t i n g  i n  th .e  preceding s e c t i o n  as applicable t o  t h i s  per iod  in the EVA 
system development : 
1. Miss i on  
a. The maximum t i m e  f o r  EVA would be  t h r e e  hours,  exc lus ive  
of p repa ra t ion  and yos t EVA requirements  
b.  Equipment would be designed t o  a l low performance of EVA 
du r ing  both  day1.ighr. and da rk  pe r iods  of o r b i t .  
2 .  F i l m  Cassettes and Stowage. A maximum of s i x  f i l m  magazine/ 
cassettes requi red  EVA f o r  r e t r i e v a l  and replacement.  S052, S054, 5 0 5 6 ,  
and H-Alpha 1 magazincs would be replaced a t  t h e  L?I end of t h e  c a n i s t e r .  
5082~2 and SO823 magazines wou1.d be  rep laced  a t  t he  sun end. 
3. EVA e g r e s s  and ing res s  would be 
accomplished from t h e  I,M forward h a t c h .  
4 .  L i f e  Support  System 
a .  The A71, p r e s su re  suit, Emergency Oxygen Pack (EOP) ,  PCU 
and l i f e  suppor t  umbilical. would b e  used dur ing  EVA. 
b, The sizing of t r a n s l a t i o n  a i d s ,  t r a n s l a t i o n  paths  and 
workstat ions would n u t  p rec lude  t h e  use  of t h e  PECS. 
5. Safe ty  
a .  Di rec t  l i n e  of s i g h t  between crewmen would n o t  be r equ i r ed  
a t  a13 times. 
b. 
ope ra t ion  o r  caus ing  damage to  ATJY components and experiment ins t ruments  
(de l e t ed  A p r i l  1969). 
EVA t r a n s l a t i o n  would prec lude  t h e  crewinan from impair ing 
c .  EVA t r a n s l a t i o n  would prec lude  the crewman f r o m  impai r ing  
ope ra t ion  o r  causing damage t o  the pressrirre s u i t  arid l i f e  suppor t  equip- 
ment, inc luding  umbi l i ca l s ,  as  well as the ATM components, Inc luding  
experiment ins t ruments  and s o l a r  a r r a y s  (added April 1 9 4 9 ) .  
d. C r e w  r e s t r a i n t  systems would inco rpora t e  redundant methods 
of r ehasp .  
f o r  one-hand, EVA o p f r a t i o n  w i t h  gloves. 
Release mechanisms would be  rhe quick-action type and designed 
e .  
crewman. 
umbi l ica l  TO t h e  l iandrai  Is. 
l h n b i l - i ~ a 1  management would be performed by the  backup 
T h i s  d i d  not  cxclude the p o s s i b l e  requirement  f o r  t e t h e r i n g  the 
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f .  Power t o  the  h??M c a n i s t e r  during EVA would be l i m i t e d  t o  
gimbal r o l l  c o n t r o l ,  sun-end a p e r t u r e  door ac t iva t ion  and l i g h t i n g .  
C .  Workstations and Can i s t e r  Access 
One p o s s i b l e  s o l u t i o n  t o  f u r t h e r  reducing the  t r a n s l a t i o n  d i s t a n c e s  
I t  w a s  
between the e g r e s s  ha t ch  and t h e  ATM workstat ions was presented f o r  con- 
s i d e r a t i o n  a t  t he  J u l y  1 9 ,  1968,  LM/ATM EVA working group meeting. 
proposed t h a t  t h e  LM-end workstat ion be moved t o  a p o s i t i o n  only 45 degrees  
from t h e  LM hatch and the  sun-end works t a t ion  be loca ted  d i r e c t l y  under- 
neath the ha tch  (Figure 4 2 ) .  Fjhile t h e  working group s t u d i e s  t h e  impact 
of r e l o c a t i n g  t h e  works t a t ion ,  development proceeded t o  r e f i n e  t h e  e x i s t i n g  
concepts and e s t a b l i s h  d e s i g n  gui .del ines  f o r  EVA ope ra t ions  a t  the LM hatch.  
Figure 42.  Proposed Workstation Relocat ion Concept 
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1. LM Hatch Workstation - During t h e  f a l l  of 1968, t h e  AAP 
Program O f f i c e  approved the change f o r  EVA egress from the LM hatch.  
Th i s  n e c e s s i t a t e d  the development of a new works ta t ion  j u s t  o u t s i d e  of 
t h e  LM ha tch ,  t o  f a c i l i t a t e  t h e  handl ing and t r a n s f e r  of f i l m  magazines 
through the hatch, The LM hatch workscarion would r e q u i r e  p rov i s ions  
f o r  body r e s t r a i n t s  compatible wt th  ha t ch  a c c e s s i b i l i t y  and t h e  film 
t r a n s f e r  and crew t r a n s l a t i o n  dev ices  being developed. 
As a r e s u l t  o f  pre l imina ry  s t u d i e s ,  fou r  p o s s i b l e  works t a t ion  
l o c a t i o n s  w e r e  i d e n t i f i e d  and e n t i t l e d  "workstations A ,  3, C and D". 
Workstations A, B and C incorporated the  Gemini-type f o o t  r e s t r a i n t s  
mounted i n  d i f f e r e n t  p o s i t i o n s  on  t h e  AT% o u t r i g g e r  t r u s s  and on t h e  LM 
forward cab in  above the hatch.  Workstation I3 c o n s i s t e d  of t h e  proposed 
manual r a i l  t r a n s l a t o r  dev ice  o r  " t r o l l e y "  l o c a t e d  i n  i t s  
p o s i t i o n  near  the LM hatch.  A one-i; eva lua t ion  was  performed us ing  t h e  
m u l t i p l e  degree-of-freedom s imula to r  t o  select t h e  two best. concepts  f o r  
f u r t h e r  s tudy  wi th  r e s p e c t  to r each  and v i s i o n  envelopes and to i d e n t i f y  
possible l o c a t i o n s  f o r  film t r a n s f e r  dev ices  (Figure 4 3 ) .  The results 
i n d i c a t e d  t h a t  workstat ion A demonstrated t h e  most e f f i c i c n r  crew 
u t i l i z a t i o n  f a c t o r s ,  while  works t a t ion  D ,  l o c a t e d  on t h e  t r o l l e y  t r a n s -  
l a t i o n  dev ice ,  was the most d e f i c i e n t  because of v i s i o n  and r each  
o b s t r u c t i o n s .  A v a r i e t y  of a l t e r n a t e  trol1e.y l o c a t i o n s  along t h e  r a i l  
were evaluated w i . t h  n'3 improvement i n  reach c a p a b i l i t y .  It w a s  con- 
cluded tha t  t h e  seve re  p o s i t i o n  1imitat i .ons imposed by t h e  o p e r a t i o n a l  
envelope. of t h e  trol.l.ey system p r o h i b i t e d  i t s  use as an adequate  work- 
s t a t i o n .  Workstations B and C were found t o  be  about: equa l ,  each having 
some advantages over the o t h e r .  On t h e  b a s i s  of o b j e c t i v e  da ta  and 
s u b j e c t i v f  comments obtained d u r i n g  t h e  test ,  works t a t ions  A and C were 
s e l e c t e d  f o r  f u r t h e r  i n v e s t i g a t i o n .  
launch stowage 
Subsequent e v a l u a t i o n s  and trade-off s t u d i e s  of t h e  two concepts 
gere performed wi th  v a r i o u s  foot r e s t r a i n t  p o s i t i o n i n g  i n  conjunct ion 
with t h e  cand ida te  f i l m  magazine t r n n s f  er and crew t r a n s l a t i o n  dev ices .  
Although workstat ion C: demonstrated s i g n i f i c a n t  advantages In some 
r e s p e c t s ,  works t a t ion  A w a s  u l t i m a t e l y  chosen as t h e  p r e f e r r e d  concept 
because i t  provided t h e  b e s t  s o l u t i o n  t o  LM ha tch  egress, works t a t ion  
i n g r e s s ,  and t r a n s l a t i o n  dev ice  access .  The reach and visibility a f fo rded  
by works t a t ion  A was also t h e  more compatible wi th  t h e  f i l m  magazine hand- 
l i n g  requirements ,  both du r ing  t r a n s f e r  through t h e  h a t c h  and w h i l e  load- 
ing the t r a n s f e r  dev ices .  Upon completion of these  prel iminary e v a l u a t i o n s ,  
t h e  des igns  were r e f i n e d  and hardware was f a b r i c a t e d  f o r  v e r i f i c a t i o n  tes t -  
ing  i n  n e u t r a l  buoyancy. 
The development of optimum hand hold and h a n d r a i l  l o c a t i o n s  a t  t h e  
works t a t ion  and i n t e g r a t i o n  w i t h  rhe f i l m  t r a n s f e r  dev ices  continued i n t o  
mid-1969. A s  t h i s  work progressed,  d e f i n i t i o n  s t u d i e s  were completed on 
t h e  Saturn V-launched "dry workshop" and t h e  d e c i s i o n  was made, i n  J u l y  
1969, to rctdefine the AAP c o n f i g u r a t i o n .  The new Sa tu rn  V workshop would 
e l i m i n a t e  the  1,M-A f rom the c l u s t e r  and t h e r e f o r e  removed the  requirement 
for t h e  LPf hatch workstat ion.  
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2 .  tM-End Workstation. The r e l o c a t i o n  of the LM-end works t a t ion  
t o  t h e  ATPf quadrant n e a r e s t  the LM ha tch  was accomplished wi th  little 
e f f e c t  on t h e  w o r k s t a t i o n  i t s e l f .  The primary changes involved r e d e f i -  
n i t i o n  of t h e  c a n i s t e r  r o l l  a n g l e  requirements  and gimbal Lock p o s i t i o n s .  
The des ign  e f fo rc  concentrated on developing t h e  works t a t ion  t o  ach ieve  
c o m p a t i b i l i t y  w i t h  t h e  t r a n s l a t i o n  and f i l m  t r a n s f e r  concepts .  During 
an a s t r o n a u t  e v a l u a t i o n  of the workstat ion i n  March 1969, t h e  c a n i s t e r  
ro l l .  r-ontrol panel  and gimbal l ock  c o n t r o l s  a t  t h e  LM-end workstat ion 
were l oca t ed  i n  an accep tab le  p o s i t i o n ,  bur there was concern over a 
crewman's a b i l i t y  t o  p rope r ly  align t h e  canister with pushbutton con t ro l s  
i n  o rde r  t o  engage t h e  gimbal lock. The r o l l  controls had t o  allgn the 
c a n i s t e r  t o  w i t h i n  5 0 , 1  inches a t  f i v e  c a n i s t e r  p o s i t i o n s  with minimum 
crewman e f f o r t  and e r r o r  p o s s i b i l i t y .  Since t h e  gimbal lock system destgn 
had a l r e a d y  been e s t a b l i s h e d ,  and hardware was being f a b r i c a t e d ,  a new 
i n t e g r a t e d  r o l l  c o n t r o l  panel  w a s  conceived tc s a t i s f y  t h e  alignment re- 
quirements (Figure 4 4 ) .  
i n  positioning t he  c a n i s t e r  f o r  gimbal l ock  engagement. Further s t u d i e s  
l e f t  some doubt as t o  t h e  mechanical lock p i n  c a p a b i l i t i e s  because of 
t o l e r a n c e  b u i l d u p  a t  the r o l l  r ing hole,  and i n v e s t i g a t i o n s  began to 
assess alternate methods of f u l f i l l i n g  the locking requirements .  
An o p t i c a l  target  r e f e r e n c e  w a s  developed t o  a i d  
iiandrai 1 
Foot Restraints 
Gimbal Lock System 
nister Eo1 I Control 
F igu re  4 4 .  Canisrer  R o l l  Control  Panel and Gimbal Lock System 
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While re f inements  t o  t h e  works ta t ion  continued i n  p repa ra t ion  f o r  
an a s t r o n a u t  crew s t a t i o n  review, t h e  d e c i s i o n  was made t o  convert  t o  t h e  
d r y  workshop, S ince  t h e  p r i n c i p a l  EVA requirements  for f i l m  re t r ieva l  
were t o  remain the same, t h e  o b j e c t i v e  f o r  EVA system development became 
maximum use  of e x i s t i n g  hardware w i t h  minimum modif ica t ion  f o r  t h e  d r y  
workshop. 
The crew s t a t i o n  review w a s  held during August 1969, and p r imar i ly  
involved those  elements of t h e  EVA system which were a p p l i c a b l e  t o  t h e  
d r y  workshop. F i g u r e  45 shows t h e  LM-end works ta t ion  mockup conf igu ra t ion  
f o r  t h e  one-g phase of t h e  review. The most s f g n i f i c a n t  d i f f i c u l t y  en- 
countered with  t h e  LM-end works ta t ion  was t h e  c a n i s t e r  r o t a t i o n  and lock- 
ing  system. While the handle-type con t ro l  was p re fe r r ed  over t h e  push- 
bu t ton  method, t h e  crewmen €elt t h a t  an automatic  indexing system t o  
provide automatic  "s top and lock" c a p a b i l i t y  a t  each f i l m  access  door 
would markedly reduce t h e  workload a t  t h e  works ta t ion  and e l imina te  t h e  
need f o r  an  o p t i c a l  alignment system with dependence upon a s t r o n a u t  v i s u a l  
a b l l i t y .  The sugges t ion  was discussed ,  bu t  i t  was decided t h a t  Implemen- 
t a t i o n  would be d i f f i c u l t  and would cause a s e r i o u s  impact on t h e  e x i s t i n g  
hardware des ign .  Dele t ion  of t h c  manual gimbal locking  mechanism, however, 
w a s  under eva lua t ion  a t  t h e  time of t he  review. The f e a s i h i l i t y  of us ing  
t h e  e l e c t r i c a l  c a n i s t e r  r o l l  b rake ,  which w a s  actuated by t h e  "Rol l - Inhib i t "  
swi tch  on t h e  r o t a t i o n  c o n t r o l  pane l  t o  provide a p o s i t i v e  canis ter  lock ,  
had a l r eady  been demonstrated.  Because analysjs of the complex c i r c u i t r y  
t h a t  prevented inadvertent c a n i s t e r  r o t a t i o n  dur ing  f i l m  r e t r i e v a l  had n o t  
been completed, t h e  manual l ock  was r e t a i n e d .  Film magazine handl ing 
presented problems and t h e  r e s t r a i n t  p rov i s ions  were considered adequate .  
3 .  Sun-End Workstation. A t  t h e  .July 1968 working group meeting 
a new sun-end works ta t ion  concept w a s  pl-esenred and recommended f o r  f u r t h e r  
development. The concept,  as proposed, incorpora ted  the Gemini-type f o o t  
r e s t r a i n t s  arranged t o  s l i d e  on t h e  t r a n s l a t i o n  r a i l s  (Figure 2 9 ) ,  with  
t h e  r o t a t i n g  s e c t i o n  of t h e  solar s h i e l d  providing t h e  works ta t ion  res- 
t r a i n t s .  During development of the concept ,  i t  w a s  decided t o  e l . iminate  
t h e  s l i d i n g  f o o t  r e s t r a i n t s  because of the binding problems experienced 
i n  previous tests. Also,  the Gemini-type f o o t  r r s t r a i n t s  had t o  be 
i n d i v i d u a l l y  s i z e d  t o  f i t  each crewman's boots .  
of a more u n i v e r s a l  method o f  r e s t r a i n i n g  t h e  crewman's f a e t .  
i d e a  of combining t h e  so l a r  s h i e l d  and works ta t ion  components was r e t a i n e d ,  
bu t  t h e  f o o t  r e s t r a i n t  des ign  c a l l e d  f o r  a t tachz?;nt  t o  t h e  s o l a r  s h i e l d  
s e c t i o n  and cons i s t ed  of two t o e  res t ra int  bars and a "T" shaped h e e l  
r e s t r a i n t  c a l l e d  t h e  ''goat's horn" (Figure 4 6 ) .  Knee rests and a f o l d i n g  
h a n d r a i l  wi th  tethe.r r i ngs  completed t h e  concept .  The Workstation h a r d -  
w a r e  was f a b r i c a t e d  fo r  i n s t a l l a t i o n  on t h e  one-g AT'M sun.-end mockup so 
t h a t  t h e  concept c.ould be evaluated wi th  a p re s su re  s u i t e d  crewman i n  the 
s ix  degree-of-freedom s imula to r .  
This  prompted t h e  des ign  
The b a s i c  
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During t h e  s imula t ion  tes t ,  t h e  s u b j e c t  encountered moderate 
d i f f i c u l t y  i n  t r a n s f e r r i n g  from the  p a r a l l e l  t r a n s l a t i o n  r a i l s  and 
a c r o s s  t h e  workstat ion.  
and t h e  handholds w e r e  inadequate f o r  workstat ion ingress (Figure  4 7 ) .  
The crewman experienced extreme d i f f i c u l t y  i n  at tempting t o  e n t e r  t h e  
works t a t ion  f o o t  r e s r r a i n t s  because of poor v i s i b i l i t y ,  i n s u f f i c i e n t  
handholds, and t h e  f o o t  r e s t r a i n t  c o n f i g u r a t i o n .  Af t e r  l o c a t i n g  himself 
fn t h e  works t a t ion ,  the crewman found that h i s  boots  tended t o  s l i p  o u t  
of t h e  f o o t  r e s t r a i n t s  w h i l e  he reached t o  open t h e  c a n i s t e r  doors o r  
retrieve t h e  f i l m  magazines. 
inches abave t h e  knee rests, excess ive  e f f o r t  was r equ i r ed  t o  reach the  
magazines. 
perform t h e  t a s k  (Figure 4 8 ) .  After e v a l u a t i a n  o f  the test r e s u l t s ,  i t  
w a s  determined t h a t  the foo t  r e s t r a i n t  concept w a s  inadequate,  and a 
d i f f e r e n t :  handhold arrangement would be r equ i r ed .  The test ,  however, 
provided additional information on the workstat ion des ign  requirements  
w i th  respect t o  c a n i s t e r  r o t a t i o n ,  f o o t  r e s t r a i n t  p o s i t i o n  and reach 
envelope. 
The helmet interferred wi th  t h e  h e e l  r e s t r a i n t ,  
Since h i s  knees were approximately s i x  
Also the h a n d r a i l  d id  n o t  provide s u f f i c t e n t  s t a b i l i t y  t o  
Figure 47.  Sun-End Workstation Ingress Problems 
By e a r l y  September 1968,  f u r t h e r  s tud ies  r e s u l t e d  i n  d e f i n i t i o n  of 
t h e  sun-end workstation design requirements f o r  optimum l o c a t i o n  oE the  
crewman (Figure 49) .  All o€ the ear l ier  workstat ion des igns ,  wh i l e  avoid- 
ing t h e  permanenr mounting of s t ruc ture  t o  the  Al’M sun-end s u r f a c e s ,  could 
no t  l o c a t e  the crewman p rope r ly .  The l o c a t i u n  and shape of the solar s h i e l d  
constantly i n t e r f e r r e d  w i t h  t he  works t a t ion  l o c a t i o n .  The s t r u c t u r e  re- 
qu i r ed  f o r  mounting t h e  folding platform type of workstat ions to clear t h e  
Figure 4 8 .  Workstation Foot  Restraint  and S t a b i l i t y  Problems 
s o l a r  s h i e l d  v i o l a t e d  t h e  muel.ope r e s t r i c t i o n s  imposed by t h e  launch 
c o n f i g u r a t i o n  o f  t h e  SLA s h r o u d  and t h e  ATM con-ical withdrawal envelope. 
Two p o s s i b l e  s o l u t i o n s  were i n v e s t i g a t e d .  One s o l u t i o n  r equ i r ed  c u t t i n g  
a s e c t i o n  of rhe s o l a r  s h i e l d  to a l low mounti-ng of a workstation closer 
t o  t h e  canister. I f  t h e  works t a t ion  was s i t u a t e d  below the  1;f.f hatch,  
an opening i n  t h e  s h i e l d  would remove t h e  thermal p r o t e c t i o n  f o r  a c o n t r o l  
moment gy ro  ac t h a t  l o c a t i o n .  Therefore,  t h e  inco rpora t ion  of such an 
approach seemed remote. The second s o l u t i o n  involved con t inua t Jon  of 
the design of a deployable  workstat ion.  Because of' t h e  m e w  p o s i t i o n i n g ,  
r r s t r a i n L n g ,  and s t a b i l i z a t i o n  problem, i t  w a s  recommended t h a t  t h e  work- 
s t a t i o n  be deployed  remotely a t  the  LM end b e f o r e  t h e  crewman t r a n s l a t e d  
t o  the sun end. 
The proposed concept (Figure 5 0 )  r e v e r t e d  t o  t h e  Gemini-type f o o t  
restraints which r equ i r ed  a c u t  away in t h e  solar s h i e l d  s e c t i o n  f o r  proper 
crewnan p o s i t i o n i n g .  
magazines were inco rpora t ed  i n  t h e  deployable  so la r  s h i e l d  workstat ion.  
Although t h e  concept appearcad feasible  € o r  access from t h e  p a r a l l e l  r a i l s ,  
t h e  t r a n s l a t i o n  and cargo t r ans fe r  s t u d i e s  k i n g  performed concur ren r ly  
had r e s u l t e d  i n  a promising concept f o r  a manual r a i l  t r a n s l a t o r  device 
which w o u l d  a l s o  s e r v e  as the sun-end workstat ion and, t h e r e f o r e ,  delayed 
f u r t h e r  e v a l u a t i o n  of the deployable  Workstation. A t t e n t i o n  then  cen te red  
on developnent  of t h e  t r a n s l a t o r  o r  " t r o l l e y "  cone.ept. 
Handra i l s  and a temporary s t o r a g e  r a c k  f o r  t h e  f i l m  
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Figure  50. Deployable Sun-End Workstation Concept 
The t r o l l e y  concept  o f f e r e d  t h e  prtmary advantagc OS an  i n t e g r a t e d  
t r a n s l a t i o n ,  f i l m  transfer and s u n - e d  works ta t ion  dev ice ,  i nco rpora t ing  
t h e  necessary  t e t h e r  a t t a c h  p o i n t s ,  hand holds  and f o o t  r e s t r a i n t s  
(F igure  51 ) .  A t r a n s l a t i o n  ra i l ,  extending from t h e  LH ha tch ,  through 
t h e  solar  a r r a y s  and a c r o s s  t h e  s o l a r  s h i e l d ,  provided a p a t h  t o  t h e  sun 
end. T h e  crewman would t r a n s l a t e  on t h e  t r o l l e y  t o  t h e  sun end and lock 
t h e  device t o  t h e  r a i l  t o  prevent  l a t e r a l  movment. H e  would then 
release and s l i d e  t h e  f o o t  r e s t r a i n t  suppor t  forward through rhe t r a n s l a t o r  
body, thereby  extending the  hand holds  and t e t h e r  p o i n t s  across the face of 
t h e  canis te r  (F igure  52). Wi.th t h e  c a n i s t e r  r o t a t e d  i n t o  p o s i t i o n  and t h e  
t r a n s l a t o r  extended,  t h e  proper  body r e l a t i o n s h i p  t o  the access doors  and 
f i l m  magazines would be achieved.  Rota t ing  t h e  film magazine c a r r i e r  from 
i t s  
w i t h i n  reach o f  t he  crewman f o r  t h e  r e t r i e v a l  operation. The t r a n s l a t i o n  
and film t r a n s f e r  p rov i s ions  of t h e  t r o l l e y  a r e  d i s c u s s e d  i n  Sec t ion  1V.D. 
of the  r e p o r t .  
t ravel  p o s i t i o n  on t h e  f o o t  r e s t r a i n t  s u p p o r t  would p l a c e  t h e  magazines 
A s  t h e  concept was developed, it became necessary  t o  provide  s t r u c -  
t u r a l  suppa r t s  f o r  the t r a n s l a t o r  rail. on t h e  s o l a r  sh ie ld  su r face .  
Modif ica t ions  t o  the s h i e l d  would a l s o  be r equ i r ed  t o  provide  c l ea rance  
f o r  the r a i l  where i t  passed through the solar arrays and a f l a t t e n e d  area 
t o  b r i n g  t h e  t r o l l e y  c loser  t o  t h e  canister surface. The i iecess i ty  f o r  
t h e s e  niadif:  i c a t i o n s  i n i t i a t e d  a further a n a l y s i s  of t h e  thermal c o n t r o l  
c o n s t r a i n t s  which had p roh ib i t ed  t h e  moiintinq of hardware on the ATM sun- 
end su r f  aces. 
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Figure. 51. T ro l l ey  T r a n s l a t o r  Device 
During January and February of 1969,  t h e  workstat ion development 
a c t i v i t i e s  concentrated on prepara t ion  of an  a s t r o n a u t  e v a l u a t i o n  of t h e  
EVA system. The primary o b j e c t i v e s  were t o  demonstrate workstat ion concepts 
t o g e t h e r  w i th  t h e  t w o  cand ida te  film t r a n s f e r  and t r a n s l a t i o n  concepts ,  
p a r a l l e l  r a i l  system and t r o l l e y .  This  would determine the most  f e a s i b l e  
complete EVA f i l m  r e t r i e v a l  and replacement system f o r  f i n a l  d e s i g n  develop- 
ment. Because of t h e  des ign  requirements imposed by t h e  t r a n s l a t i o n  concepts ,  
problems w e r e  s t i l l  being encountered i n  developing a workable sun-end work- 
s t a t i o n  concept.  
the optimum c a n l s t e r  r o t a t i o n  had been es.Zablished a t  24 degrees  counter- 
clockwise, which placed t h e  workstat ion cen tc r l inc  between t h e  S082A and 
S082B f i l m  magazines w i t h i n  t h e  c a n i s t e r .  The major problems involved 
mod i f i ca t ion  of t h e  s o l a r  s h i e l d  t o  provide c l ea rance  f o r  the  t r o l l e y  or 
proper l o c a t i o n  f o r  f o o t  r e s t r a i n t s  and achieving s t a b i l i t y  f o r  the crewman 
without a t t a c h i n g  hand holds  t o  t he  c a n i s t e r  su r f ace .  It w a s  determined 
t h a t  t h e  s o l a r  s h i e l d  would have t o  be flattened over a 56 degree a r c  i n  
o rde r  for t h e  crewman t o  reach i n t o  the  canister w l t h  t h e  t r a n s l a t o r  device.  
The a l t e r n a t e  p a r a l l e l  r a i l  t r a n s l a t i a n  concept r equ i r ed  t h a t  t h e  s o l a r  
s h i e l d  works t a t ion  platform be. r e l i e v e d  o r  "dimpled" f o r  proper p o s i t i o n i n g  
of t h e  foot restraints. 
krith t h e  works t a t ion  loca ted  d i r e c t l y  below t h e  T,M ha t ch ,  
The sun-end works t a t ion  concept  s e l e c t e d  f o r  u s e  w i th  t h e  pa ra l l e l  
r a i l  system r e t a i n e d  the b a s i c  concept of deploying t h e  workstat ion by 
r o t a t i n g  a s e c t i o n  of t h e  solar  s h i e l d ,  bu t  incorporated a new hand hold 
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Figure  52. T r o l l e y  Sun-End Vorkstat ion Concept 
and h a n d r a i l  c a n f i g u r a t i o n  (Figure 53).  Egress  into t h e  works t a t ion  w a s  
f a c i l i t a t e d  by t h e  two h a n d r a i l s ,  which formed a continuous p a t h  with t h e  
translation rails once t h e  works t a t ion  was r o t a t e d  i n t o  p o s i t i o n .  Add i t iona l  
analyses  and tests conducted on the c a n i s t e r  thermal c o n t r o l  systems i n  con- 
j u n c t i o n  wi th  t h e  trol l e y  mounting requirements had shown that the t h e r m a l .  
e f f ec t s  of s m a l l  hardware i t e m s  mounted OR t h e  ATM sun-end s u r f a c e s  w e r e  
l o w e r  than had p rev ious ly  been a n t i c i p a t e d .  A l s o ,  any o p t i c a l  problems 
caused by l i g h t  re f lec t ion  f r u m  such hardware could be adequately c o n t r o l l e d  
through surface coa t ings .  A s  a r e s u l t ,  t h e  c o n s t r a i n t  was re laxed and two 
hand ho lds  with t e t h e r  r i n g s  were a r t ached  d i r e c t l y  t o  t h e  c a n i s t e r  su r f ace .  
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Figure 53. Deployable Sun-End Workstation with 
Canister  Mounted Hand Holds 
The crew eva lua t ion ,  conducted i n  t h e  MSFC n e u t r a l  buoyancy f a c i l i t y  
du r ing  March 1969, was div ided  i n t o  two phases wfth an interval of two weeks 
between phases so that: improvements could be  made and additional a s t r o n a u t s  
could p a r t i c i p a t e  in t h e  test. The problems experienced with t h e  sun-end 
workstation were associated w i t h  l oca t ion  of the f i l m  t r a n s f e r  devices ,  
hand holds and h a n d r a i l s .  The Sun-end works t a t ion  was modified f o r  t h e  
second phase of t h e  eva lua t ion  to  provide n LocatLon Ear a film transfer 
device (skateboard) r a i l  and a reconfigured hand hold on the c a n i s t e r  
surface.  The rotating s o l a r  shield s e c t i o n  w a s  eliminated because of che 
discontinuity w i t h  t h e  t r a n s l a t i o n  r a i l s  and t h e  foot  res t ra in t  w a s  perma- 
nent ly  attached t o  t h e  solar shield (Figure 5 4 ) .  Analysis of the crew 
evalua t ion  tests r e s u l t e d  In  select ion of the paralie1 translat2o.n rails  as 
the  p r e f e r r e d  EVA system design concept,and design e f f o r t  concentrated on 
developing the workstat ion t o  achieve compatibility with zhe t r a n s l a t i o n  and 
f i lm t r a n s f e r  equipment. 
By August 1969, the sun-end workstation concept had been refined f o r  
the  astronaut crew station review. 
uration for  t h e  one-g phase o€ t h e  review. 
Figure 55 shows the works ta t ion  config- 
The crew experienced v i s i b i l i t y ,  reach and equipment clearance problems 
d u r i n g  t h e  review, because of t he  p o s i t i o n  of the SO82 magazine p r o t e c t i v e  
c a n i s t e r s  and f o o t  restraints. T h e  review also revealed that  greater sensory 
feedback t o  the a s t r o n a u t  through the A7L pressure s u i t  was r equ i r ed .  
and over-center  l a t c h e s  used UTI the canister access doors and fllm transfer 
devices needed more lock-unlock ”feel”. 
t i o n  of a task, proper placement. and d i r e c t i o n  of ro ta t ion  in the form of 
higher  visibility flags, more p o s i t i v e  detents, painted i n s t r u c t i o n s  and color 
coding were also recommended for  t h e  f i 1 . m  r e t r i e v a l  operat ion.  
Derents  
Vlsual feedback to indtcate comple- 
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Figure  54.  Permanently Mounted Sun-End Workstation 
The s imula t ions  € o r  t h e  crew s t a t i m  review, although performed wi th  
the wet workshop c o n f i g u r a t i o q h a d  considered t h e  dry workshop EVA require- 
ments and provided t h e  b a s i s  f o r  proceeding wi th  development of t h e  system. 
Analyses of t h e  review comments r e r a i n e d  only those items r e l e v e n t  to EVA 
with t h e  dry workshop,and work began to incorporate t h e  resu l t s  i n t o  t h e  
new configuration. 
D .  T rans fe r  and T r a n s l a t i o n  Concepts 
The primary emphasis d u r i n g  thls period i n  t h e  EVA system development 
cen te red  on e s t a b l i s h i n g  a f e a s i b l e  means of t r a n s p o r t i n g  t h e  crewman and 
t h e  film magazine cargo from the cluster egress l o c a t i o n  t o  t h e  ATM work- 
s t a t i o n s .  When the d e c i s i o n  w a s  made t o  u s e  t h e  LN hatch f o r  EVA e g r e s s ,  
attention s h i f t e d  t o  t h e  u s e  o f  r a i l  systems wMch were s impler  i n  des ign  
and c o n s t r u c t i o n  than t h e  earlier boom or serpenruator concepts. From t h e  
previous investigations, a manual t r a n s l a t i o n  system us ing  f i x e d  h a n d r a i l s  
w a s  considered s u p e r i o r  t o  any of t h e  mechanical devices demonstrated thus 
Ear. 
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Figure 5 5 .  F i n a l  Wet Workshop 51.m-Fd ?$a rks t a t ion  Configurat ion 
The o r i e n t a t i o n  of the IM hatch to LI:e workstat ions s t i l l  posed t h e  
problem of t r a n s l a t i n g  a considerable dI<jt.acIce around t h e  ATPI and i ts  
hazardous s t r u c t u r e  and d e l i c a t e  cc?rnpn!ien?s. F igure  56 illustrates a single 
t r a n s l a t i o n  r a i l  concept and the  distances Involved ~ K I .  reaching the LM-end 
and sun-end works t a t ions  from the Llil hatch.  Cargc: transfer would be  very 
complex wi th  t h i s  o r i e n t a t i o n .  As a r e su l t ,  i r  was recommended that t h e  
LM-end works t a t ion  be moved t o  a pos i t i on  only L.5 degrees  from t h e  LM hatch 
and the sun-end Workstation posi.ti.oncid cl i . rectly underneath t h e  ha tch .  This  
could a l low a s impler  t r a n s l a t i o n  r a i l  sya tex  Cc)r  : i .nterconnecting the work- 
s ta t ions (Figure 57).  A rnenns nf  p r o t e c t i n g  the s o l a r  a r r a y s  w i t h  a c u r t a i n  
was a l s o  envis ioned.  The method of f i l ~  t r m s f e r  conceived f o r  the manual 
t ranslat ion rail s y s t e m  would T:e a p l . a t fom or  dc?il_-y t r a n s p o r t  film c a r r i e r  
s l i d i n g  along t h e  h a n d r a i l  and p r t q d l e d  5: the cre-man. 
The requirement t h a t  a tKallSlati.i3Tl s y s t ~ m  m ~ s t  preclude damage t o  ATM 
components or crew life support  systems e s t a b l i s h e d  a des ign  f o r  a combined 
cargo t r a n s f e r  and crew translafion dev5.c.~. The proposed crew and cargo 
c a r r i e r  would t r a n s p o r t  the crewman and film nzagazines along a s i n g l e  hand- 
r a i l  from t h e  LM ha tch  t o  t h e  w o r k s t a t i o n s  (FFgure 58). The c a r r i e r  would 
r e s t r a i n  the crewman as he manually pu l l ed  himclelf rrnd t h e  carrier along the 
r a i l ,  t hus  avoiding crewman c.ontact with the sclar arrays. 
o f f e r e d  the advantage of simultaneous t r a n s f e r  of bo th  crew and equipment, 
work proceeded t o  develop a pro to type  f o r  f u r t h e r  c v a h a r i o n  as an alternate 
method t o  the  rail t r a n s l a t i o n  and f i 1 . m  raagazine d o l l y  concept.  
Since t h e  concept 
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Figure  56. S i n g l e  R a i l  T r a n s l a t i o n  From LM Hatch 
The change t o  e g r e s s  from t h e  LM ha tch  a lso r equ i r ed  t h a t  a works t a t ion  
be developed at t h e  h a t c h  so that t h e  f i l m  magazines could be t r a n s f e r r e d  
from their stowage p o s i t i o n  w i t h i n  t h e  LM-A t o  an i n t e r i m  loca t ion  o u t s i d e  
of t h e  EM-A. During the pe r iod  wh i l e  EVA w a s  performed from t h e  AM ha t ch ,  
two f a c t o r s  had prompted moving t h e  stowage p rov i s ions  f o r  t h e  film maga- 
zines t o  t h e  LM-A. I n  t h e  event  t h e  a l t e r n a t e  mission became necessa ry ,  
( t h e  LM/ATM o p e r a t i n g  i n  a decoupled mode) i t  would b e  more advantageous 
to have t h e  replacement f i l m  stowed i n  t h e  LFI-A. I n  addition, t h e  MDA had 
been f i l l e d  with workshop and experiment equipment. A s  a r e s u l t ,  t h e  TB-A 
w a s  modified t o  inc lude  a C r e w  P rov i s ions  Stowage Nodule (CPSM) surrounding 
a docking tunnel  ex tens ion ,  w i t h  space €or  t h e  f i l m  magazines and EVA life 
support  equipment. 
When approval  €o r  r e l o c a t f n g  t h e  works t a t lons  was r e c e i v e d ,  i t  w a s  
decided to  pursue development of t he  two most promising t r a n s l a t i o n  con- 
cepts - t h e  para l le l  t r a n s l a t i o n  r a i l  wi th  the f i l m  magazine d o l l y  o r  
"skateboard" and the s i n g l e  r a i l  crew and carga carrier. 
p a r a l l e l  r a i l  concept cons i s t ed  of t w o  t r a n s l a t i o n  ra i l s  extending from 
t h e  Uf h a t c h ,  a c r o s s  t h e  s i d e  of t h e  ATM outrigger t r u s s ,  and down t o  t h e  
sun  end wi th  a d e v i a t i o n  t o  b r i n g  t h e  r a i l s  c l o s e  enough f o r  a crewman t o  
t r a n s f e r  t o  t h e  LM-end works t a t ion  (Figure 59) .  A film magazine d o l l y  
platform would s l i d e  along one of the r a i l s  and could b e  locked i n  position 
f o r  film replzrement .  From previous t r a n s l a t l o n  e v a l u a t i o n s  and simulation 
tests QII sim-ilar systems, t h e  concept as proposed, would n o t  provide ade- 
qua te  r e s t r a i n t  f o r  t h e  crewman's f e e t  wh i l e  he passed through t h e  s o l a r  
a r r a y s ,  nos adequate  body c o n t r o l  while  he used one hand t o  prope l  t h e  
d o l l y .  A s  t h e  concept evolved, t h e  rails w e r e  s t r a i g h t e n e d  and t h e  a d d i t i o n  
The proposed 
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Figure  5 7 .  
of a trough between t h e  rails  was suggested as a means f o r  f o o t  r e s t r a i n t .  
Feasibility s t u d i e s  were then conducted in zero-g with t h e  KC-135 a i r c r a f t  
t o  evaluate the  ease of t r a n s l a t i o n  and stability wi th  the  t rough.  These 
studies showed t h a t  the concept had m e r i t  but f u r t h e r  e v a l u a t i o n  i n  neutral 
buoyancy in conjunct ion w i t h  the TX/A"M mockup would be r equ i r ed  t o  assess 
t h e  trough as part of  t h e  t r a n s l a t i o n  system. 
Proposed Workstation Relocat ion and T r a n s l a t i o n  R a i l  Concept 
Trade-off s t u d i e s  performed on v a r i o u s  a s p e c t s  of t h e  proposed crew 
and cargo carrier concept e s t a b l i s h e d  t h e  methods of locomotion and f i l m  
magazine t r a n s f e r .  
s e l e c t e d  because i t  w a s  t h e  least complex and r equ i r ed  t h e  least  physical 
e x e r t i o n .  
The r e s u l t i n g  des ign  approach f o r  locomotion was  
The crewman located i n  a p lane  perpendicular  t o  t h e  t r a n s l a t i o n  
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Figure  58 .  Proposed Crew and Cargo Carrier Concept 
F igure  59. Parallel Translation Rath and F i l m  Magazine Dolly Concept 
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r a i l  would force t h e  dev ice  along t h e  s a i l  w i th  manual, hand over hand 
movements. A manually a c t i v a t e d  lock ing  dev ice  would b e  r equ i r ed  t o  
lock  t h e  carrier a t  any in t e rmed ia t e  p o i n t  along t h e  t r a n s l a t i o n  pa th .  
The cargo c o n t a i n e r  would be  f i x e d  t o  t h e  carrier, l a r g e  enough t o  c a r r y  
fou r  E i l m  magazines t o  t h e  LM end, and adap tab le  t o  c a r r y  two  magazines t o  
t h e  sun-end. The carrier would be stowed ad jacen t  t o  t h e  LM hatch fo r  
launch and o r b i t a l  ope ra t ions  w i t h  rhe con ta ine r  hinged to swing i n t o  a 
p o s i t i o n  t h a t  could be  reached by the crewman i n  t h e  workstat ions.  The 
con ta ine r  would a l s o  inc lude  r a d i a t i o n  p r o t e c t i o n  f o r  the film. The cargo 
carrier w a s  designed t o  f u l f i l l  t h e s e  requirements and was named t h e  t r ans -  
l a t o r  o r  " t r o l l e y "  (Figure 60).  
Foot Restraints 
Figure 60. T r a n s l a t u r  o r  Trolley System 
The t r a n s l a t o r  des ign  trade-off s t u d i e s  a l s o  considered metrhads of 
umbi l i ca l  management during f i l m  retrieval. A stowage drum mounted on t h e  
t r a n s l a t o r  w a s  r e j e c t e d  because i t  imposed high metabol ic  loads  f o r  winding 
and unwinding t h e  umbi l i ca l  and would interfere wi th  t a s k  performance. 
r e t r i e v a l  would a l s o  be d i f f i c u l t  a t  t h e  sun end from t h e  t r a n s l a t o r ,  The 
accepted method would u s e  the backup crewman to feed t h e  umbi l i ca l  o u t  of 
the  LM hatch and t o  control t ens ion  i n  t h e  umbi l i ca l  t o  prevent entanglement 
while t h e  primary crewman c l ipped  and unclipped t h e  umbillcal during trans- 
lation. This  method would relieve t h e  primary crewman of the heavy burden 
of umbilical management. 
Film 
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A pro to type  t r o l l e y  w a s  f a b r i c a t e d  and tested wi th  s e v e r a l  rail 
c o n f i g u r a t i o n s  t o  determine t h e  optimum r a i l  c ros s - sec t ion  and a l lowab le  
bend r a d i u s .  Numerous problems were encountered wi th  b i n d i n g  i n  t h e  r o l l e r  
system whi l e  n e g o t i a r i n g  t w i s t s  and bends i n  t h e  r a i l ,  During December 1968, 
t h e  t r o l l e y  system w a s  evaluated i n  conjunct ion wi th  the development of t h e  
LM hatch works t a t ion  concepts  (Figure 4 3 ) .  
s i d e r e d  unacceptable  f o r  u s e  as t h e  LM ha tch  works t a t ion ,  development cont in-  
ued OR t h e  trolley as  a sun-end workstat ion device.  
Although the  t r o l l e y  w a s  con- 
Concurrent s t u d i e s  of t r a n s f e r  of t h e  f i lm,magazines  from i n s i d e  t h e  
TAM-A t o  t h e  LM hatch Workstation had involved dev ices  f a r  handl ing more 
than one magazine a t  a t i m e .  One of t h e  des igns  selected f o r  f u r t h e r  
development, on t h e  basis of HC-135 zero-g s imula t ions ,  w a s  c a l l e d  t h e  LM 
i n t e r i m  stowage dev ice  o r  "LM tree". 
i ng  platform f o r  a complete set  of ATM f i l m  magazines and could be loaded 
w i t h i n  t h e  LM-A durring t h e  pre-EVA p r e p a r a t i o n s  (F igure  6 1 ) .  The zero-g 
s imula t ions  had demonstrated t h e  f e a s i b i l i t y  of t h e  backup crewman pass ing  
t h e  loaded LM tree through t h e  hatch t o  the primary crewman a t  the work- 
s t a t i o n  wi thou t  exceeding t h e  reach limits imposed by f o o t  r e s t r a i n t s  and 
w a i s t  t e t h e r s .  I n  a d d i t i o n ,  t h e  I.24 tree could e a s i l y  be adapted f o r  
i n s t a l l a t i o n  on t h e  trolley t r a n s l a t o r  device.  Figure 62 shows this concept 
at t h e  LM ha tch  workstar ion.  R e s u l t s  of s imula t ion  tests,  conducted i n  
January 1969, d i s c l o s e d  t h a t  placement a€ t h e  tree on the  t r o l l e y  w a s  
extremely d i f f i c u l t  because t h e  proximity of  t h e  dev ice  t o  t h e  crewman 
i n h i b i t e d  a c c e s s i b i l i t y  and al-ignment. F i l m  magazine c r a n s f e r  a t  the  LM- 
end works t a t ion  was unacccptahle  as the crewman could not  reach t h e  stowed 
SO52 magazine on t h e  t r o l l e y  mechanism. 
The concept provided a s e c u r e  mount- 
.,..--- Crew Pravisicns 
Stowage Modtile 
. . . . . . . .. .- . 
LM Forward. 
Hatch 
F igu re  61. LM I n t e r i m  Stowage Device i n  LM-A Forward 
Cabin Loading P o s i t i o n  71 
Figure 62. LEI In t e r im  StOwage. Tree Attached t o  Tro l l ey  T r a n s l a t o r  
The same w r i e s  oE sirriularion tests were a l s o  t o  e v a l u a t e  a p l v o t i n g  
arm concept for  Eilm t r a n s f e r  from t h e  LM ha tch  t o  the  LM-end works t a t ion  
and To determine the l o c a t i o n  f o r  a temporary f i l m  stowage platform a t  t h e  
LI4 end .  The pivoting a m  o r  ' tsl ip-over device",  located a t  the l e f t  s i d e  
of t h e  hatch,  was designed t o  c a r r y  a f i l m  magazine tree w i t h  the  replace-  
ment magazines f o r  t h e  LM end.  The crewman a t  t h e  7 3  end would transfer 
the magazines from t h e  device t o  t h e  stowage p la t fo rm a t  the  r i g h t  s i d e  of 
Ehe works ta t ion  f o r  t h e  removal and replacement ope ra t ion .  
l u s t r a t e s  the concept du r ing  perfortnatlce of t he  t e s t .  
man's r i g h t  arm blocked h i s  v i s ion  while he pos i t ioned  t h e  f i l m  package 
on t h e  device,  t he  t a s k  tms executed wi th  ease and w a s  considered a one 
hand operation. The re la t ive  position o f  t h e  dev ice  t o  the  crewman a t  t h e  
LM-end works t a t ion  and t h e  l o c a t i o n  of the temporary stowage p l a t fo rm 
proved adequate.  
F lgu re  63 il- 
Although t he  crew- 
A comparison oT the eva lua t ion  r e s u l t s  f o r  t h e  f l i p -ove r  device and 
t h e  t r o l l e y  indicated t h e  s u p e r i o r i t y  of t h e  f l ip -over  dev ice  f o r  rrans- 
p o r t i n g  film magazines from the L M  ha t ch  t o  .ehe LM end. Subsequent trade 
s r u d i c s  re2sulred i n  s e l e c t i o n  of the slip-over dev ice  f o r  ZM-end f i l m  
rekr ieva l .  I n v e s t i g a t i o n s  continued t o  determine t h e  b e s t  lorations f o r  
thc: magazines on the  dev ice  and t o  i n c o r p o r a t e  locking and actr iar ion 
m e c h a n i s m s .  
t r a n s p o r t i n g  o n l y  the  sun-rntl film magazines i n  t h e i r  p r o t e c t i v e  c a n i s t e r s ,  
Onc advantage of t h ~  sl ip-over  dev ice  was t h a t  i t  would fulfill t h e  LM-end 
film t r a n s f e r  requirements Tor e i t h e r  the t r o l l e y  concept o r  t h e  p a r a l 1 . d  
r a i l  r o n c e p t ,  
It w a s  a l s o  d c r i d e d  to use the trolley cargo c a r r i e r  fur 
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F igu re  6 3 .  L?l-End Film Transfer Flip-Over Device 
F e a s i b i l i t y  tests wSth t h e  parallel r a i l  and t rough concept  were 
performed i n  t h e  n e u t r a l  buoyancy f a c i l i t y  du r ing  ,Tanuary 1969. The rests 
included t r a n s l a t i o n s  from t h e  L"rI ha tch  t o  each of t h e  works t a t ions ,  a 
s t a b i l t t y  e v a l u a t i o n  of the t rough f o o t  restraint-, and a simulated emer- 
gency re t r ieval  of a n  immobilizcd crewman from t h e  s u n  end. While a t tempt-  
i n g  t o  t r a n s f e r  .into the 13-end workstation, the crewnmt could not  r each  
t h e  works t a t ion  handrai ls  without first g r a s p h g  the surrounding equipnient 
r acks  o r  s o l a r  a r r a y  backup s t ruc ture .  During t r a n s l a t i o n  between t h e  LFI- 
end and t h e  sun-end works ta t ions ,  t h p  t rough controlled t h e  crewman's feet 
a s  he  passed through the so la r  a r r a y s .  However, t h e  shape of the trough 
h a n d r a i l s  d i d  not provide  an adequate  g r i p  f o r  c a r r y i n g  a f i l m  magazine. 
When t h e  cre.wman inadvertent.1-j r e l e a s e d  t h e  h a n d r a i l s ,  i t  w a s  p o s s i b l e  t o  
regain a hand hold by exertFng to rque  wi th  his f e e t  a g a i n s t  the t rough 
(F igure  6 4 ) .  Analysis o f  t h e  t es t  r e s u l t s  showed t h a t  the t r o u g h  was an 
a c c e p t a b l e  mfrhod of restrainlng a crewman's feet  while  h e  passed through 
t h e  solar  arrays, bu t  t h e  h a n d r a i l  and hand h o l d  conf igu ra t ion  needed t o  
b e  r e v i s e d .  T h i . s  t e s t  a l s o  p rov ided  t h e  f i r s t  i n d i c a t i o n  t h a t  umhilical 
clips o r  guides  d i d  not  appear necessary if t h e  backup crewman maintained a 
slight t ens ion  on t he  u m h i l i c a l  Erom the T.,H ha tch .  
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Figure. 6 4 .  Neut ra l  Buoyancy S t a b i l i t y  Evalriatrion of t he  
Trough Foot R e s t r a i n t  Concept 
Development of the p a r a l l e l  r a i l  concept continued through February 
1969, i n  p r e p a r a t i o n  of an a s t r o n a u t  eva lua t ion .  During m u l t i p l e  degree- 
of-freedom simulations wi th  the  one-g mockup, t r a n s l a t i o n  a c r o s s  the apex 
of the ATM o u t r i g g e r  t r u s s 9  straddl.ed by t h e  para l le l  h a n d r a i l s ,  proved t o  
be t h e  best r o u t e  from the  LM hatch t o  t h e  o t h e r  workstation. The l a t e ra l  
t r a n s f e r  from t h e  p a r a l l e l  r a i l  system i n t o  t h e  LN-end works t a t ion  w a s  
solved by t h e  a d d i t i o n  of a "T-bar" h a n d r a i l  a t  t h e  t r u s s  s t r u c t u r e .  
F igu re  65 i l l u s t r a t e s  t h e  p a r a l l e l  r a i l  concept € o r  t r a n s l a t i o n  between the  
LM hatch and LH end. With t h e  t r a n s l a t i o n  r o u t e  e s t a b l i s h e d ,  s t u d i e s  con- 
t i nued  to s e l e c t  a compatible technique f o r  the sun-end f i l m  transfer. 
Previous experience with t h e  f i l m  c a r r f e r  d a l l i e s  r e su l t ed  i n  a film trans- 
f e r  dev ice  c a l l e d  t h e  "Skateboard". One of t h e  parallel h a n d r a i l s  was 
modified t o  provide a continuous t r a c k  between the L M  ha tch  and t h e  sun 
end on which t h e  skateboard cou ld  be manually p rope l l ed .  The two f i l m  
magazines i n  t h e i r  c a n i s t e r s  would be a t t a c h e d  t o  the  skateboard at t h e  
LM hatch works t a t ion  and pushed o r  p u l l e d  a long  t h e  track by t h e  crewman. 
While t h e  crewman rep laced  t h e  LN-end magazines, the skateboard could be 
Pocked on the t r a c k  a d j a c e n t  t o  t h e  workstat ion.  
skateboard would be loca ted  on t h e  left s i d e  of the work.station wi th in  
reach o€ t he  crewman. 
A t  t h e  sun end t h e  
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Trans la t ing  Across Outr igger  Truss  L a t e r a l  T r a n s l a t i o n  t o  LM End Idi.th 
T-Bar Handrai l  
Figure 65. Parallel Trans la t ion  R a i l  Simulat ion T e s t  
The conf igu ra t ion  of the  paral le l  r a i l  t r a n s l a t i o n  and f i l m  t r a n s f e r  
T h e  trough w a s  f a b r i c a t e d  of open-wire mesh and renamed t h e  
coal chute". The envis ioned method of  a c t u a t i n g  the f l ip -over  device. w a s  
system, as i t  appeared f o r  t h e  March 1969 a s t r o n a u t  eva lua t ion ,  i s  shown 
i n  F igure  66. 
by a hand c rank  ape ra t ed  at the LM ha tch  workstation. 
were arranged i n  t w o  packages on f i l m  trees, one f u r  t h e  LM end and one f o r  
t h e  sun end. The components of t h e  s y s t e m  were i n s t a l l e d  on the n e u t r a l  
buoyancy mockup so t h a t  t h e  a s t r o n a u t s  could perform t h e  complete film 
r e t r i e v a l  task sequence. The t r a n s l a t o r  o r  t r o l l e y  dev ice  was f a b r i c a t e d  
as a s e p a r a t e  p a r t  task mockup f o r  t h e  n e u t r a l  buoyancy eva lua t ion  and 
c o n s k t e d  of s e v e r a l  €eet of s t r a i g h t  section rail and one 90 degree  bend 
about a 12-inch r ad ius .  
t l  
The f i l m  magazines 
T h e  a s t r o n a u t  eva lua t ion  was conducted i n  two phases du r ing  Narch 
1969, and r e s u l t e d  i n  selecrfon of t h e  p a r a l l e l  r a i l  system as t h e  p re fe r r ed  
des ign  concept .  Although t h e  t r o l l e y  system provided e x c e l l e n t  c o n t r o l  of 
a s t r o n a u t  body p o s i t i o n  and allowed simulraneous t r a n s f e r  of both crew and 
equipment, it w a s  q u i t e  complex, ra ther  heavy, and the eva lua t ion  ind ica t ed  
t h a t  cons ide rab le  development would be r equ i r ed  t o  provide  an easy  r o l l i n g  
system. Cocking i n  the r o l l e r  system Erom of f -center  loads  appl ied  by t h e  
crewman, especia1I.y i n  negoEiat ing the curved s e c t i o n ,  w a s  t h e  b a s i c  problem. 
The combination o f  des ign ,  neutral buoyancy environment and o p e r a t i o n a l  
c h a r a c t e r i s t i c s  made movement of t h e  t r o l l e y  along the r a i l  extremely 
d i f f i c u l t  and r equ i r ed  an excess ive  expendi ture  of energy. I n  a d d i t i o n ,  t h e  
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Figure  66. P a r a l l e l  Rail T r a n s l a t i o n  Concept and Film Trans fe r  Devices 
i n t e r f a c e  problems with t h e  works t a t ions  and the n e c e s s f t y  f o r  f l a t t m i n g  
a segment of t h e  AD1 s o l a r  s h i e l d  were c o n t r i b u t i n g  f a c t o r s  t o  t h e  d e c i s i o n  
t h a t  development cease  on t h e  t r o l l e y .  
The eva lua t ion  of t h e  p a r a l l e l  r a i l  system a l s o  inc.luded a backpack 
concepr as an a l t e r n a t e  o r  contingency method of sun-end f i l m  t r a n s f e r .  
The backpack w a s  e l iminated from f u r t h e r  cons ide ra t ion  because i t  w a s  too 
d i f f i c u l t  t o  pu t  on. A number of recommendations made by t h e  a s t r o n a u t s  
f o r  improving the p a r a l l e l  rail s y s t e m  w e r e  analyzed €or p o s s i b l e  incor-  
p o r a t i o n  i n  t h e  des ign .  The primary comments concerned e s t a b l i s h i n g  t h e  
optimum number of f i l m  magazines t o  !.e t r a n s f e r r e d  at one time, making 
ref inements  i n  l o c a t i n g  and ope ra t ing  t h e  f l i p -ove r  dev ice ,  improving the 
p a r a l l e l  h a n d r a i l  configuration, and r e v i s i n g  t h e  f i l m  package l a t c h  mech- 
anisms. 
skateboard b e  dev i sed .  
It w a s  also suggested t h a t  an a l t e r n a t e  means of p r o p e l l i n g  t h e  
Development and v e r i f i c a t i o n  tests continued through t h e  summer of 
1969 in p r e p a r a t i o n  f o r  an a s t r o n a u t  C K e W  station review. Analyses of t h e  
f i l m  r e t r i e v a l  operations were performed t o  de f ine  a procedure which would 
e l i m i n a t e  unnecessary changes i n  t h e  crewman's 'body p o s i t i o n  wh i l e  t r ans -  
l a t i n g ,  t r a n s f e r r i n g  t h e  f i l m  magazines, and during i n g r e s s  and egress of 
t h e  workstat ions.  Figure 67 i l l u s t r a t e s  t h e  prefer red  EVA f i l m  retr ieval  
procedure as developed f o r  t h e  review. The hardware modf f i ca t ions  included 
76 
an a c t u a t i o n  lever wi th  a locking  mechanism f o r  deploying the  f l l p -ove r  
f i l m  transfer device ,  a magnetic f i l m  magazine r e t a i n i n g  sys t em wi th  
s a f e t y  l a t c h e s  f o r  t h e  LM-end film tree,  a t e t h e r i n g  system f o r  magazine 
handling a t  the works ta t ions ,  and a r ev i sed  t r a n s l a t i o n  system handrail  
conf igu ra t ion .  The skateboard w a s  o u t f i t t e d  wi th  a crank-operated drum 
and c a b l e  system t o  e v a l u a t e  t h e  feasibility of us ing  the  backup crewman 
a t  t h e  LM ha tch  t o  assist  i n  t h e  sun-end film t r a n s f e r .  The components 
of t h e  EVA t r a n s l a t i o n  and f i l m  t r a n s f e r  system are  i d e n t i f l e d  i n  F igure  
68 .  
The crew s t a t i o n  rev iew w a s  held dur ing  August 1969. Because of t h e  
recent d e c i s i o n  t o  launch a d r y  workshop, t h e  review emphasized t h e  f i l m  
retr .€eval  ope ra t ions  a t  the LM-end and sun-end worksrar ions,  t h e  f i l m  
package t r a n s f e r  equipment, and t h e  c r e w  t r a n s l a t i o n  p rov i s ions  which 
could be used f o r  t h e  d r y  workshop. T rans l a t ion ,  d u r i n g  the review, was 
accomplished wi th  a minimum of problems, and the  coa l  chu te  f o o t  c o n t r o l  
sys t em was n o t  necessary f o r  bady r e s t r a i n t .  
system increased  t h e  crew workload, p a r t i c u l a r l y  a t  the. LM end ,  where 
ex tens ive  t ang l ing  i n t e r f e r r e d  wi th  t h e  ope ra t ion .  The temporary magazine 
stowage prov i s ions  were not  within a comfortable  reach  envelope, and the 
SO82 c a n i s t e r  p o s i t i o n  s u b s t a n t i a l l y  increased  workloads a t  t h e  sun end. 
The r e s u l t s  of the  review were incorpora ted  i n  g u i d e l i n e s  f o r  des ign  
development of t h e  dry  workshop concept.  
The f i l m  magazine t e t h e r i n g  
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HATCH K I R K S T A T I O N  FO3T 
RESTXAINTS . ATTACH WAIST 
0 
TETHER. 
3 RETRIEVE LM-EIJD FILM P A C K K 5  
FROM LM-A HATCH. PLACE L?1- 
END FILM PACWGT: ON LN-END 
F I L M  TRANSPORTRIfON DEVICE 
AND LOCK. 
4 RLlKIEVE SUN-LNU FILM PACK- ONE FROM LM-A HF.TCt!. PlACE 
SIJFI-FND FILM PtACKAGE Ck SUM- 
END Flt l l  TKANSPOKTATlOli 
9EVICE AND LOCK. 
5 EGRESS LM-A EVA WORKSTATION. 
T R A N S L A T E  FEET F I R S T  TO THE 
LN- END WOKKSTAT I O N ,  CL I PP I NG 
SVSTEN, PULL ING T4E SUM-END 
F I L S 1  I'PCKACE, 
:JMBILICAL I N  ITS HIX.RAININL; 
Figure  67. EVA Film Retrieval Procedure  




4 .  
5 .  
LM-end film package 
LM-end f i l m  transfer devfce (flip-over) 
Flip-over device actuation lever 
Sun-end film transfer device (skateboard) 
Skateboald crank-operated drum and 
cable system 
.. . ._. .. . . . .. . __ . . . . .. 
6. Parallel translation rafls 
7 .  Coal chute foot restraivt 
8. Transfer handrail (T-bar) 
9. Skateboard with SO82 canisters 
10. Sun-end workstation handrail 
11. 50828 film maqazine i n  temporary stowage 
LM End Sun End 
Figure 6 8 .  ZM/ATM EVA Translation and F i lm Transfer :  System 
SECTION V. DRY WORKSHOP CONCEPT - EVA EGRESS FROM AM 
The d e c i s i o n  t o  u s e  a Sa tu rn  V launch v e h i c l e  t o  p l ace  t h e  S-IV3 
s t a g e  d r y  workshop with an i n t e g r a t e d  Am i n t o  o r b i t  el2minated t h e  IM-A 
from t h e  program. This  change r e q u i r e d  t h e  e x i s t i n g  AM c a p a b i l i t y  t o  be 
used f o r  the ATM f i l m  re t r ieva l  EVA f u n c t i o n s .  I n  o rde r  t o  use  t h e  AM 
ha tch  f o r  EVA e g r e s s ,  t h e  t r a n s l a t i o n  and f i l m  t r a n s f e r  systems developed 
f o r  the wet workshop would r e q u i r e  mod i f i ca t ion  t o  conform to t h e  AM 
ha tch  l o c a t i o n .  I n  a d d i t i o n ,  temporary f i l m  magazine s t o r a g e  and crew 
m o b i l i t y  and s t a b i l i t y  a i d s  would be needed a t  both the i n t e r i o r  and ex- 
t e r i o r  of t h e  AM. 
b e  r e q u i r e d .  
A new s t o r a g e  area f o r  the f i l m  magazines would a lso 
Th i s  s e c t i o n  of t h e  r e p o r t  covers t h e  EVA development a c t i v i t i e s  
involved w i t h  t h e  d r y  workshop concept ,  which would become "Skylab". 
Although des ign  s t u d i e s ,  durfng t h i s  pe r iod ,  continued using the one-g 
mockups w i t h  m u l t i p l e  degree-of-freedom s i m u l a t o r s ,  n e u t r a l  buoyancy he- 
came t h e  dominant v e r i f i c a t i o n  technique.  When damping was deemed cr i t -  
i c a l ,  because of v i scous  drag in t h e  n e u t r a l  buoyancy s imula t ions ,  rest 
r e s u l t s  were v e r i f i e d  i n  t h e  KC-135  a i r c r a f t .  
The Ex t raveh icu la r  Mobil i ty  Unit ,  c o n s i s t i n g  of an AX-13 p r e s s u r e  
garment assembly (space s u i t )  from t h e  Apollo Program and an  Astronaut 
L i f e  Support Assembly (ALSA), w a s  developed by Johnson Space Center f o r  
Skylab EVA. The ALSA equipment included a L i f e  Support UrnbilFcal (LSU), 
a P r e s s u r e  Control  Un i t  (PCU), and a Secondary Oxygen Pack (SOP). These 
components are i l l u s t r a t e d  i n  F3gure 6 9 ,  
A .  C l u s t e r  Configurat ion 
D e l e t i o n  of the Sa tu rn  IB f l i g h t  t o  p l a c e  t h e  LM/AW i n t o  o r b i t  
e l imina ted  many requirements a s s o c i a t e d  wi th  support  f o r  t h e  Lll/ATFf 
launch, rendezvous and docking t o  t h e  Sa tu rn  I workshop. However, t h e  
ATM support  f u n c t i o n s  provided by the LM-A r equ i r ed  equipment r e l o c a t i o n  
t o  t h e  o t h e r  c l u s t e r  modules. New s t r u c t u r a l  support  provisions were 
r equ i r ed  t o  adapt t h e  AI% t o  the Sa tu rn  V workshop f o r  launch and in- 
o r b i r  o r i e n t a t i o n .  
t o  be designed t o  p r o t e c t  t h e  c l u s t e r  curnponents du r ing  launch. 
I n  a d d i t i o n ,  a payload shroud and eject mechanism had 
These problems had been evaluated during the d e f i n i t i o n  s t u d i e s ,  
and when the change t o  a dry  workshop was approved, much of the prel imi-  
nary design analysis and t r a d e  s tudy  work had a l r e a d y  been completed on 
t h e  cluster c o n f i g u r a t i o n .  The major c o n f i g u r a t i o n  t r a d e  s t u d i e s  re- 
qu i r ed  t o  develop t h e  d r y  woxkshop concept f o r  EVA involved t h e  AM a i r -  
lock work area and o r i e n t a t i o n  of the AM ha tch  w i t h  r e s p e c t  t o  t h e  ATM 
works ta t ions .  
volume for two s u i t e d  crewmen and t h e  f i l m  packages w a s  marginal  and 
would r e q u i r e  further e v a l u a t i o n  f o r  possib1.e expansion. 





figure 69. Skylab EVA Life  Support System 
The dry workshop concept eliminated most of the equipment transfer 
problems associated with woxkshop activation and Left more. available 
space within the  E4DA f o r  experiment i n s t a l l a t i o n  and stowage. One of the 
radial dockhg  p o r t s  was remowed as it: was no longer needed f o r  the LM-A. 
As the  dry workshop design evolved, a deployment assembly was developed 
to support the  AX% and t h e  cluster configuration problems were resolved 
resulting fn rhe final orbital. laboratory called Skylab ( F i g u r e  7 0 )  * 
3. EVA ReguJrements and Guidelines 
The primary changes to the EVA requiremeats resulting from rhe 
r_onversion to a dry  workshop concept weye t h e  increased number of film 
retrieval. operations to be performed, 
s p e c i f i e d  three manned m i s s i o n s ,  during which the  ATM instruments would 
collect solar data, instead of the sZngle 56 day mission with the M/ATM. 
The cluster equipment and experfnent interfaces  and operating systems 
were evaluated €or compa t ib i l t t y  to determine effects on design,  and a 
Cluster Requirements Specification was developed, 
contained in t h e  EVA guidelines and constraints dacummt were adopted as 
part: o f  the spec l f l ca t ion  t o  regulate deslgn of t h e  c lus te r  systems. 
The new mission requirements 
The EVA requirements 
The following requirements and guidelines represent the significant 
differences between those developed during the we.t workshop era and those 
affecting t he  dry workshop EVA system development. The complete perfor-  
mance and design integration requirements f o r  Skylab may be found in the 
Cluster Requirements Specification, HS003M00003. 
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F-igure 7 0 .  Skylah C l u s t e r  Conf igura t ion  
1. Mission 
a. A total. of s i x  film replacement and retrfeval operations 
were planned for the three miss ions .  
b .  The maximum t i m e  f o r  EVA would be three hours ,  exclusive 
of preparation and post EVA requirements. Maximum time to perform f i l m  
magazine removal and replacement a t  the ATM would not  exceed 2.5 hours  
(Design for 2.0 hours ) .  
2. Cluster Egress and Ingress  
EVA egress and i n g r e s s  would be accomplished from the AM hatch. 
3 .  L i f e  Support  Sys tem 
The A7L-E pressure suit and Astronaut L i f e  Support Assembly 
(AZSA) would be worn during EVA. 
4 .  Safety 
a. Astronauts had to he able to perform tasks after 50 days 
in space, and the workload had to be less than 1200 BT?J/hour (800 ‘SW/ 
hour was considered optimum). 
b. Tethering of the crewman to structure was not required 
during translation to the  workstations, or at a workstation when a positive 
e 3  
f o o t  r e s t r a i n t  system was a v a i l a b l e .  'She umbi l i ca l  provided emergency 
r e s t r a i n t .  
c. Tether ing of equipment was not  required when hard locks  
were provided,  nor when t r a n s f e r r i n g  equipment from one locked l o c a t i o n  
t o  ano the r  i f  both hands were a v a i l a b l e  f o r  t h e  t a s k .  Tether ing of 
equipment w a s  r equ i r ed  i n  a l l  o t h e r  cond i t ions .  
d.  Astronaut t r a n s l a t i o n  should be accomplished independently 
o f  f f l m  magazine transfer. 
e. The Am gimbal r i n g  would b e  secured during each f i l m  
retrieval ope ra t ion .  (The requirement f o r  a s e p a r a t e  manual l ock ing  
device w a s  d e l e t e d . )  
C. Workstations and Can i s t e r  Access 
The f i r s t  few months fol lowing t h e  d e c i s i o n  t o  convert t o  a dry 
workshop w e r e  spen t  in  r e f i n i n g  t h e  d e f i n i t i o n  s t u d i e s  and analyzir.19 t h e  
results of t h e  crew s t a t i o n  review held during hugust 1969. The major 
problems i d e n t i f i e d  wi th  EVA e g r e s s  from t h e  AM hatch i n  the  i n i t i a l  
c o n f i g u r a t i o n  were t h e  ques t ionab le  volume of t h e  AM f o r  two a s t r o n a u t s ,  
f i l m  magazines and associated EVA equipment, the design of the thermal 
c u r t a i n ,  and t h e  lack of a clear path and l ine -o f - s igh t  f r o m  t h e  hatch 
area t o  the ATM works t a t ions .  The thermal c u r t a i n  problem w a s  solved by 
r edes ign  of t h e  c u r t a i n  in t h e  AM EVA bay area t o  a l low attachment around 
t h e  EVA h a t c h .  
Several approaches were s tud ied  t o  a c q u i r e  a c l e a r  path and l i n e -  
of-s ight  f o r  EVA. I n  t h e  o r i g i n a l  c o n f i g u r a t i o n ,  t h e  MI ha tch  w a s  
o r i e n t e d  on t h e  far s i d e  of t h e  c l u s t e r  from t h e  ATM works ta t ions .  
F igu re  7 1  i l l u s t r a t e s  t h e  problem and one of t h e  proposed s o l u t i o n s  
which involved r o t a t i n g  t h e  AM 45 degrees  from i ts  e x i s t i n g  l o c a t i o n .  
Another approach considered r o t a t i n g  t h e  ATM 90 degrees  about t h e  c l u s t e r  
Z a x i s ,  t o  achieve a b e t t e r  o r i e n t a t i o n .  
p a c t  on des ign  of t h e  major c l u s t e r  modules, a compromise o r i e n t a t i o n  w a s  
adopted whereby t h e  t r a n s l a t i o n  r o u t e  and the sun-end workstatfon would 
be moved t o  t h e  ATM +Y a x i s  (Figure 72) .  This  would b r i n g  t h e  sun-end 
works ta t ion  t o  w i t h i n  45 degrees of a d i r e c t  l i n e  from t h e  AM. The UT- 
end works t a t ion ,  which had been renamed t h e  "center workstat ion",  a l -  
though 90 degrees  Erom the b e s t  l o c a t i o n ,  would  s t i l l  b e  a c c e s s i b l e  €or  
d i r e c t  cargo t r a n s f e r  from t h e  AM ha tch  area, and crew t r a n s l a t i o n  t o  and 
from the works ta t lons  s t i l l  appeared f e a s i b l e .  
In orde r  t o  minimize t h e  i m -  
The marginal volume of the AN a i r l o c k  tunnel  presented a d i f f e r e n t  
s i t u a t i o n .  The only p o s s i b l e  ways of expanding t h e  workinn volume, with- 
out  impactlng t h e  b a s i c  s t r u c t u r a l  design of t h e  module, were t o  r e l o c a t e  
t h e  a f t  afr lock ha tch  o r  provide a reusable workshop ha tch .  The two pro- 
posed s o l u t i o n s  f o r  providing a d d i t i o n a l  space i n  the t u n n e l  are shown i n  
F i g u r e  73. 
during EVA wi th  minimum changes t o  t h e  module. A d e c i s i o n  on the  proposed 
E i t h e r  method would al low u s e  of t h e  AM a f t  compartment 
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Figure 71. ATM Workstation and AM Hatch Orientation 
Figure 72. Skylab ATN Film Retrieval EVA Route 
Figure  73. Pronosed Nethods of Expandj.i?b+, A i r 1  ock  Workinc: Vo lume 
changes w a s  dc fe r r cd  u n t i l  eval .uat ion ui: the ; i i r loc l i  cou ld  be performed 
i.n zero-g and  n e u t r a l  buoyancy s imula t lons  t o  derrermirie requirements for 
Ab1 ineernal and e x t e r n a l  works t a t ions .  'i'llese nrel Ir:j.nnry investigations 
were conducted d u r i n g  October 1.909 and showed t h a t  the a i r l o c k  comnart- 
mcnt was adequate  f o r  suppor t ing  t h e  EVA without  e.xtending i n t o  t h e  a f t  
compartment. The tests a l so  revea led  t h a t  a n  e x t e r n a l  hY workstati .on 
would be  r equ i r ed  t o  fulfill t h e  f i l m  magazine handl ing t a s k s ,  s i n c e  
t h i s  could n o t  h e  accomplished wi th  t h e  second cretlman s t and ing  up 
through t h e  AM ha tch .  Althouzh t h e  a f t  compartment was a o t  mandatory 
f a r  EVA working volume, t h e  a d d i t i o n a l  space i t  provided w a s  considered 
d e s i r a b l e .  The workshop ha tch  w a s  designed f o r  r euse ,  bu t  a u a l i f i c a t i o n  
tests t o  demonstrate  t h i s  c a p a h i l i t y  had not  been planned. Because o f  
t h e  d e s i r a b l e  e x t r a  volume i t  would provide a t  minimum e.xpe.nse rind f o r  
o t h e r  workshop cons ide ra t ions ,  the ha tch  was q u a l i f i e d  to meet t h e  
o p e r a t i o n a l  requirements  f o r  EVA. 
t a i n e d  f o r  poss ib le  cont ingencies  dur ing  t h e  Skylab mission. 
The a f t  a i r l o c k  ha tch  was a l s o  re -  
With the r e s o l u t i o n  of t h e s e  problems, attention turned t o  develop- 
ment 05 an AH e x t e r i o r  workstation in t h e  Fixed Airlock Shroud area (PAS) 
and modificatlan of t h e  e x i s t i n g  ATN works ta t ions .  The major emphasis, 
dur ing  development of the dry  worlcshap f i l m  re t r ieva l  system, focused on 
methods f o r  f i l m  magazine handl ing and t r a n s f e r ;  t h e r e f o r e ,  t h e  evo lu t ion  
of t h e  workstations to achieve c o m p a t i b i l i t y  wigh candida te  f i l m  t r a n s f e r  
and t r a n s l a t i o n  concepts  i s  presented  i n  Sect-ion V.D. The fo l lowing  para-  
graphs d iscuss  those  changes unique t o  t h e  b a s i c  ATM works t a t ions  
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components, which were not dictated by film transfer considerations, and 
the establishment of the FAS workstation. 
1. Fixed Aitlock Shroud iolorkstation - Initial studies had con- 
sidered mounting a foot restraint nlatform i n s i d e  the tunnel where the  - 
second crewman could. stand LID through the AH hatch opening. With this 
concept the  second crewman would perform all film package handling in- 
cluding removal from inside the AI4 and transfer of the f i l m  to the first 
crewman at the ATM workstations. Because of reach limitations both in- 
side and ourslde the M!, the concept proved inadequate f o r  use with the 
proposed film transfer equipment. 
A s  a result, it was decided to concentrate on an exterior work- 
station, located near the AM hatch in the FAS area. The workstation 
would require mobility and stability aids mounted in a position to 
facilitate AN egress and film package handling. As envisioned, t h e  
workstation would provide equipment f o r  the second crewman to slerform a 
general management role for the ftlm packages and umbilicals, while the 
first crewman translated to the Am workstations and exchanged t he  film. 
Umbilical clamps, which received much attention during the wet 
workshop era, were found to b e  unnecessary along the translation routes; 
consequently, o n l y  four  clamps were provided. Two clamps, one for each 
crewman's umbilical, were placed j u s t  outside the A?f hatch. 
position they would be accessihle to the second crewman f o r  the umbilical 
management task. The orher two clamm were placed at t h e  sun-end and 
center workstatLons, and ultimately became optional f o r  the crewman's 
use at h i s  discretion. 
In t h i s  
The necessity € o r  3 universal foot restrafnt to replace t h e  
Gemini-type d u t c h  shoes and eliminate the "custom fit" requirement, was 
emphasized at a critical design review in March 1970. 
1970, a new foot restraint concept,  which could be used with a wide 
range of pressure  suit boot s i z e s ,  was presented f o r  evaluation (Figure 
7 4 ) .  The new restraint's advantages were demansrrated during workstation 
development,and t h e  device w a s  incorporated i n  l i e u  of the dutch shoes. 
Since t h e  layout of the FAS workstation camponents were dependent on film 
transfer methods, the concept development de ta i l s  are discussed in 
Section V.D. 
3p t h e  F a l l  of 
2. Center Workstation - The basic design of  t h i s  workstation had 
reached an advanced stage. of development during the wet workshop eta and 
required RO major changes f o r  use as  the dry workshap center workstation. 
Analysis of dry workshop launch loads revealed that it was no longer 
necessary to launch the Am with the diagonal s t r u t  in place. 3y t h e  end 
of 1970, t h e  strut w i t h  its ordnance release system was removed. T h i s  
eliminated the concern f o r  possible manual strut deployment and provided 
additional working space at the workstation. The universal foot  re- 
straints were installed on the work platform in place of the Gemini-type 






F i t t i n g  
Ease P l a t e  
Figure 7 4 .  Universal Foot Restraint 
E a r l y  in 1971, a sneak-circuit analysis was completed on the 
canister r o t a t i o n  c o n t r o l  system, which showed thar it was not poss ib l e  
for a s t r a y  signal t o  cause canister release o r  r o t a t i o n  during film 
retrieval. Thi s  allowed removal of t h e  manually-operared mechanical 
gimbal lock. The rotation c o n t r o l  panel incorporated t h e  preferred 
handle-type controller with switches €or opening t h e  S O 8 2  aperture doors 
and s t a t u s  i n d i c a t o r  lights (Figure 7 5 ) .  The hand c o n t r o I l e r  provlded 
two speeds in each rotatlon direction with ? 40 degrees of r o t a t i o n  and 
was compatible with pressure s u i t  gloved-hand operation. A detent  cam 
provided a tactile clue dur ing  transition from "LOW" t o  "HIGH" speeds.  
The "ROLL ENABLE/ZNHTRLT" switch a c t i v a t e d  a so lenoid  which disengaged a 
mechanical brake on the  roll zing assembly 5, the "ENARLE" position. The 
"INIIIRIT" p o s i t i o n  engaged the spring-loaded brake to restrain the canis- 
ter from rotating. The p r o t e c t i v e  shleld, construcced of wire mesh, 
fai led during vibration tests on the AT% and w a s  replaced with a s h i e l d  
fabricated from a s o l i d  sheet of aluminum. F i g u r e  76 i l l u s t r a t e s  t h e  
center workstatfon components in the f i n a l  flight configuration on t he  
mission support mockup. 
access t o  t h e  mockup. 
The additional. structure shorn is  a p la t form for 
aa 
Figure 75. Canister Rotation Control Panel. 
3 .  Sun-End Workstation - The relocation of the sun-end work- 
station to obtain a berter translation route f o r  the dry  workshop had no 
adverse effect on the basic concept. In fact, the greater clearance be- 
tween t h e  A 7 3  sun-end and components of the launch vehicle allowed more 
flexibility 5n the workstation design. Because of canister roll 1 . i m f t a -  
t i o n s ,  t h e  solar  shield mounted foot restraint was moved t o  a position 
between t h e  A"M +Y and -7. axes. However, the body position relationship 
to the canister mounted handra i l  and SO82 access doors, as d.etermined 
f o r  the wet workshop, was retained (FiRure 7 7 ) .  This foot  restrarint 
positlcn would also facilitate film magazine handling and translation 
at t h e  +Y axis .  The canister rotation panel. at t h e  center workstation 
would be used to open the S082A and S082B aperture doors ,  providing 
clearance f o r  the access doors, and f o r  canister roll positioning. The 
universal foo t  restraint was incorporated and an umbilical clamp was 
added for use by the crewman at his discretion. The additional equipment 
installed at t h e  workstation resulted from the film magazine handling and 
transfer requirements. 
Figure 76.  Center Workstation Configuration 
Figure  77. Sun-:End Workstation Configuration 
D. Transfer  and T r a n s l a t i o n  Concepts 
The conversion t o  a Saturn V-launched d r y  workshop had cons ide rab ly  
g r e a t e r  e f f e c t  on t h e  crew t r a n s l a t i o n  and cargo transfer systems develop- 
ed f o r  the wet: workshop t han  OR the works t a t ions .  With egress from the &I 
and with t h e  ATM o r i e n t e d  i n  t h e  same manner as in the w e t  workshop concept,  
d i r e c t  t r a n s f e r  and t r a n s l a t i o n  r o u t e s  w e r e  n o t  poss ib l e .  The d e c i s i o n  t o  
r e l o c a t e  t h e  sun-end works t a t ion  improved t h e  r o u t e  (Figure 721, b u t  re- 
quired a complete re-evaluat ion of t h e  t r a n s l a t i o n  and t r a n s f e r  concepts .  
Another major problem involved f i n d i n g  s u i t a b l e  i n t e r i o r  temporary stowage 
l o c a t i o n s  near t h e  AM EVA ha tch  f o r  t h e  f i l m  magazines as d i scussed  in 
Sec t ion  V.C. 
T h r e e  f i lm magazine stowage concepts  were i n v e s t i g a t e d  during t h e  
i n i t i a l  AX works ta t ion  development s imula t ions  in KC-135 zero-g flights 
(Figure 78).  These sirnularfons w e r e  used t o  e v a l u a t e  t h e  adequacy of the 
Individual1 Stowed Magazines i n  Airlock Compartment 
Packaged Magazines Stowed i n  Aft  Conipartment 
Packaged Magazines Stowed in Airlock Cmpartment 
Figure  78. AM Film Magazine Stowage Concepts 
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a i r l o c k  compartment t o  support  t h e  handling of e i t h e r  f i l m  tree packages 
o r  ind iv idua l  f i l m  magazines. 
magazines i n d i v i d u a l l y  within t h e  a i r l o c k  compartment. I n  another  concept,  
t h e  sun-end and c e n t e r  workstat ion magazines w e r e  stowed on s e p a r a t e  f i l m  
trees wi th in  the AM a f t  compartment. This concept would determine t h e  
f e a s i b i l i t y  of u s i n g  t h e  a d d i t i o n a l  volume of the a f t  compartment. A 
t h i r d  concept consisted of t h e  film tree package arrangement stowed i n  
t h e  a i r l o c k  compartment. The f i n a l  o r i e n t a t i o n  r e l a t i v e  t o  t h e  EVA ha tch  
would be determined from f u r t h e r  s tud ie s .  
One concept considered stowing t h e  f i l m  
Resulrs of t h e  s imulat ion showed that use of t h e  a f t  compartment 
was no t  e s s e n t i a l  f o r  f i l m  magazine stowage, bu t  did provide a d e s i r a b l e  
inc rease  i n  working space f o r  t h e  two crewmen. Magazine handling and 
t r a n s f e r  was  s a t i s f a c t o r y  wi th  a l l  t h r e e  concepts,  and no d i f f i c u l t i e s  
were encountered with t h e  f f lm  tree package. 
Concurrent with the AM i n t e r i o r  stowage i n v e s t i g a t i o n s ,  prel iminary 
concepts €or  t r a n s p o r t i n g  t h e  crewman and cargo from the  AM hatch area t o  
t h e  ATM workstat ions were developed. These concepts,  which included adap- 
t a t i o n s  of t h e  devices  developed f o r  t he  w e t  workshop, are i d e n t i f i e d  and 
summarized in Table 1 and are i l l u s t r a t e d  in Figure  79. The a l t e r n a t i v e  
of t h e  crewman ca r ry ing  t h e  f i l m  magazines one a t  a rime, w a s  considered 
and r e j e c t e d  because of t h e  higher p r o b a b i l i t y  of damage to the  magazines 
and t h e  increased t r a n s l a t i o n a l  workload required.  
Table 1. Dry Workshop Film Transfer  and Trans la t ion  Concepts 
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Figure  7 9 .  Dry Workshop F i l m  Transfer and Translation Concepts 
The e n d l e s s  ”Brooklyn C lo thes l ine”  device was suggested du r ing  
t h e  crew s t a t i o n  review and w a s  based on a cargo t r a n s f e r  dev ice  used 
during the Apollo luna r  landing missions.  The c l o t h e s l i n e  w a s  n o t  
considered f o r  sun-end f i l m  t r a n s f e r  i n  t h e s e  ear ly  concepts because 
it: was f e l t  that too  many l i nes  would create a management problem. The  
e x t e n d i b l e  boom d e v i c e s ,  which were considered du r ing  the e a r l y  w e t  work- 
shop s t u d i e s ,  again became a p o t e n t i a l  method of f i l m  t r a n s f e r .  During 
eva lua t ion  of the concepts ,  the f l i p - o v e r  dev ice ,  o r  concept C .  was dropped 
and development w a s  concentrated on the remaining methods of E i h  transfer. 
By l a t e  1969, the A.M e x t e r n a l  or FAS works t a t ion  had evolved ehrough 
one-g and n e u t r a l  buoyancy simulations t o  t h e  c o n f i g u r a t i o n  shown i n  F igu re  
80. The f o o t  r e s t r a i n t s ,  h a n d r a i l s  and a “ b e l l y  barEt  w e r e  l o c a t e d  t o  
f a c i l i t a t e  t h e  handl ing and t r a n s f e r  o f  t h e  film magazines from t h e  AM 
h t e r i o r  t o  t h e  ATM works ta t ions  w i t h  t h e  proposed t r a n s f e r  dev ices .  
temporary stowage p o s i t i o n s  were evaluated:  
and one l o c a t e d  on t h e  AM tunne l  surface.  
from t h e  u n i r a i l  concept t o  a d u a l  r o l l e r  system attached t o  both of t h e  
p a r a l l e l  t r a n s l a t i o n  rails .  A s  t h e  s imula t ions  progressed wi th  t h i s  con- 
f i g u r a t i o n ,  t h e  AM s u r f a c e  mounted stowage position wits  e l imina ted  because 
Two 
one a t t a c h e d  t o  t h e  b e l l y  b a r  
The skateboard had been changed 
i n t  
Figure  80. AM External o r  FAS Workstation Concept 
94 
of i n t e r f e r e n c e  with t h c  c l o t h e s l i n e .  The b e l l y  b a r ,  which w a s  intended 
t o  serve as  a s t a b i l i t y  a i d  €or  t h e  crewman as he entered t h e  foot res- 
t r a i n t s ,  was a l so  removed when i t  was found t h a t  t h e  temporary f i l m  
stowage provision could be used f u r  t h e  same purpose. Figure 81 shows t h e  
one.-g works t a t ion  mockups used t o  evaluate t h e  p r o t o t y p e  film t r a n s f e r  
concepts.  
FAS Workstation 
F i g u r e  81. Prototype Extendible 
Center Workstation 
Boom and C l o t h e s l i n e  Evaluation 
During t h e s e  tes ts  i t  became obvious t h a t  t h e  d u a l  r a i l  t r a n s l a t i o n  
and film t r a n s f e r  concept c r e a t e d  an a d d i t i o n a l  workload f o r  t h e  crew. It 
required i n s t a l l a t i o n  of a s e c t i o n  of the d u a l  r a i l  system across t h e  MDA 
and ATM i n t e r f a c e  b e f w e  the f i l m  r e t r i e v a l ,  EVA task could begin.  Because 
of t h e  alignment d i f f i c u l t i e s  which would be involved Fn deploying a con- 
t i nuous  r a i l  system, t h e  concept w a s  dropped. Thc d u a l  r a i l  s ec t ion  moun- 
ted on t h e  A n i  w a s  r e t a i n e d  f o r  t r a n s l a t i o n  and skateboard f i l m  t r a n s f e r  
between t h e  c e n t e r  and sun-end works t a t ions .  A s i n g l e  h a n d r a i l  system 
w a s  developed €o r  t r a n s l a t i o n  from the FAS, across t h e  deployment assembly, 
t o  t h e  ATFf r a c k  s t r u c t u r e .  
By February 1970, two a l te rna te  f i l m  t r a n s f e r  cancepts  had evolved 
f o r  each of t h e  ATN wurks t a t ions .  E i t h e r  t h e  c l o t h e s l i n e  o r  an  e x t e n d i b l e  
boom mounted a t  t h e  FAS works t a t ion  could be aimed d f r e c t l y  at: t h e  c e n t e r  
works t a t ion .  Another c l o t h e s l i n e  would be used  f o r  the sun-end f i l m  
magazines. Because t h e r e  w a s  no direct l i ne -o f - s igh t  t o  the sun-end work- 
s t a t i o n ,  a second foo t  r e s t r a in t  w a s  required t o  recekve and ::tow tempor- 
arily the magazlncs a t  t h e  sun end (Figure 8 2 ) .  E i ther  a second boom or an  
ion 
F igu re  82. Sun-End F i l m  Trans fe r  Concepts 
ad jus t ed  c e n t e r  works t a t ion  boom would be used t o  t r a n s p o r t  the magazines 
t o  a n  " interfm workstat ion" f o r  t r a n s f e r  t o  the skateboard.  The crewman 
would then propel t h e  skateboard as he t r a n s l a t e d  from t h e  i n t e r i m  work- 
s t a t i o n  t o  t h e  sun-end. Since interim f i l m  t r a n s f e r  w i t h  t h e  skateboard 
r equ i r ed  a d d i t i o n a l  magazine handl ing and crew workload, s t u d i e s  w e r e  
i n i t i a t e d  t o  determine a l o c a t i o n  i n  the FAS for the e x t e n d i b l e  boom, 
which would allow a more d i r e c t  t r a n s f e r  t o  t h e  sun end. When t h e s e  
s t u d i e s  proved t h e  f e a s i b i l i t y  of u s i n g  a boom, t h e  skateboard w a s  elim- 
ina t ed . 
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Addi t iona l  e v a l u a t i o n  tests o f  the c l o t h e s l i n e  and e x t e n d i b l e  
boom demonstrated t h e  c a p a b i l i t y  of t r a n s f e r r i n g  t h e  f i l m  magazines 
in single packages attached t o  t h e  center and sun-end film trees.  A s  
t h e  rests cont inued,  it was determlncd t h a t  part-task s imula t ions  would 
not a l low t h e  s e l e c t i o n  of a p r e f e r r e d  f i l m  transfer dev ice .  Plans w e r e  
then made to  conduct an eva lua t ion ,  w i t h  astronaut p a r t i c i p a t i o n ,  of t h e  
e n t i r e  f i l m  retrieval system i n  a n  i n t e g r a t e d  test. 
i n  the n e u t r a l  buoyancy s imula to r  from March 4 t o  11, 1970.  
This  w a s  accomplished 
The i n t e g r a t e d  test r e s u l t e d  i n  t h e  s e l e c t i o n  of an e x t e n d i b l e  
boom as t h e  primary film magazine t r a n s f e r  dev ice  w i t h  t h e  c l o t h e s l i n e  as 
a secondary o r  backup device. Two booms and two c l o t h e s l i n e s  would be 
used, one of each f o r  t h e  c e n t e r  works t a t ion  and f o r  t h e  sun end. The 
booms would be hard- la tch mounted t o  allow i n t e rchange  us ing  one hand. 
A spare boom w a s  recommended f o r  i n c o r p o r a t i o n  a t  t h e  FAS works t a t ion  i n  
the event of f a i l u r e .  
The proposed changes a t  t h e  sun end t o  accommodate t h e  boom included 
a new i n t e r i m  works t a t ion  near area "A", as  shown i n  F igu re  83. This  
F igu re  8 3 .  Proposed Sun End Changes f o r  t h e  Extendible  Boom Film 
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would a l l o w  the crewman t o  t r a n s f e r  the magazines from either the boom or 
c l o t h e s l i n e  t o  t h e  temporary stowage p o s i t i o n  and e l i m i n a t e  the n e c e s s i t y  
f o r  f o o t  r e s t r a i n t  "B". The d u a l  t r a n s l a t i o n  ra i ls  t o  t h e  s u n  end w e r e  
r e t a i n e d ,  and a new h a n d r a i l  w a s  proposed t o  f a c i l i t a t e  t r a n s l a t i o n  a c r o s s  
t h e  solar s h i e l d  into the sun-end works t a t ion  f o o t  r e s t r a i n t .  It w a s  a l s o  
recommended t h a t  a ha rd - l a t ch  i n t e r f a c e  f o r  magazine attachment t o  t h e  
boom be designed t o  preclude t h e  p o s s i b i l i t y  of l o s s  o r  damage t o  t h e  maga- 
z i n e s .  
After s e l e c t i o n  of t h e  primary and backup f i l m  t r a n s f e r  dev ices ,  
work began t o  i n c o r p o r a t e  the necessa ry  works t a t ion  changes for an AIITM 
critical des ign  review. The FAS workstat ion changes are shown i n  F igu re  
84. Positions f o r  the two booms had been determined, and t h e  h a n d r a i l s  
and f o o t  r e s t l r a i n r s  were locared f o r  o p e r a t i o n  of the d e v i c e s ,  The 
c l o t h e s l i n e  at tachment  l o c a t i o n s  were designed t o  approximate t h e  travel 
pa th  of the booms as c lose ly  as poss ib l e .  This  took advantage of t h e  
previous work done i n  p o s i t i o n i n g  t h e  booms f o r  access t o  the f i l m  maga- 
z h e s  at bo th  t h e  a i r lock  and ATM transfer p a i n t s .  
s t a t i o n ,  the translatLon h a n d r a i l  con f igu ra t ion  was a l t e r e d  t o  provide 
A t  the center work- 
Clothes1 ine Attach , Point 
To Center TO Sun End 
Workstation 
Figure 84. FAS Workstation Arrangement f o r  Film Trans fe r  Devices 
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easier e n t r y  i n t o  the works t a t ion ,  and the. c l o t h e s l i n e  a t t a c h  p o i n t  w a s  
e s t a b l i s h e d  (Figure 85) .  The i n t e r i m  workstat ion,  r e q u i r e d  €o r  t r a n s f e r -  
r i n g  t h e  f i l m  magazines from t h e  boom o r  c l o t h e s l i n e  t o  t h e  sun end, was 
Intewediate 
To Suo End Workstation Handrails 
F i g u r e  85. Center Workstation Mobi l i t y  Aids and Film Trans fe r  
P r o v i  s ions 
l o c a t e d  i n  n e u t r a l  buoyancy sfmulat ions,  and was renamed t h e  " t r a n s f e r  
workstat ion" (Figure 86) .  The t r a n s l a t i o n  ra i l s  and h a n d r a i l  were 
pos i t i oned  t o  assist t h e  crewman in t r a n s f e r r i n g  from t h e  t r a n s f e r  work- 
s t a t i o n  i n t o  t h e  sun-end workstat ion.  To accomoda te  t h e  crewnan's 
r each  l i m i t a t i o n s ,  t h e  sun-end f i l m  tree r e c e p t a c l e  and a temporary film 
magazine stowage c o n t a i n e r  were l o c a t e d  symmetrically on e i t h e r  s i d e  of 
t h e  f o o t  r e s t r a i n t  p o s i t l o n .  The temporary stowage container was r equ i r ed  
t o  s e c u r e  t h e  unexposed magazines wh i l e  t h e  exposed magazines were removed 
from the experiment and placed i n  t h e  SO82 c a n i s t e r s .  
The b a s i c  EVA system concept w a s  presented a t  t h e  ATM Critical 
Design R e v i e w  i n  May 1970. A t  t h e  conclusion of t h e  review, i t  w a s  
recommended t h a t  work proceed toward f i n a l  development of t h e  f l i g h t  
design. During t h e  fo l lowing  months, t h e  hardware components of t h e  
system were developed on one-g mockups and v e r i f i e d  i n  n e u t r a l  buoyancy 
s l m d a t i o n s .  Lighting studies w e r e  i n i t i a t e d  t o  provide adequate il- 
lumination a long  t h e  t r a n s l a t i o n  routes and a t  t h e  works t a t ions .  The 
film t r a n s f e r  boom was designed f o r  i n t e rchangeab le  mounting i n  t h e  FAS 
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Figure  86. Transfer and Sun-End Workstation Arrangement 
EVA bay and incorpora ted  a l a t c h i n g  hook fo r  f i l m  magazine at tachment  
(Figure 8 7 ) .  
p r o t e c t i v e  c a n i s t e r s ,  would be transported a s  a s i n g l e  package OR the 
film tree. 
I n  ope ra t ion  the sun-end f i l m  magazines, w i t h i n  their 






i l m  Package Hook 
Figure 87. Film Transfer Boom and Hook 
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film tree package from t h e  AM and t r anspor t ed  i n d i v i d u a l l y  to t h e  work- 
s t a t i o n .  
t o  t h e  c e n t e r  f i l m  magazine handles .  
The boom hook w a s  designed to latch t o  the sun-end f i l m  tree o r  
Receptacles  f o r  t h e  f i l m  trees and film t r a n s f e r  boom were located 
w i t h i n  t h e  crewman's r each  a t  t h e  PAS works t a t ion .  These p o s i t i o n s  w e r e  
v e r i f i e d  du r ing  n u t r a l  buoyancy s imula t ions  along wi th  placement of t h e  
boom c o n t r o l  pane l  (Figure 88). 
r e c e p t a c l e  w a s  provided a d j a c e n t  t o  t h e  c e n t e r  works t a t ion  boom. 
A s p a r e  f i l m  t r a n s f e r  boom and mounting 
Sun-End F i l m  Tree Film Transfer Room 
Figure 88. F i l m  Trans fe r  Boom and Film Tree Receptacle  
Location Evaluat ion During Neu t ra l  Buoyancy 
T e s t  
The A731 sun end design incorporated a two-part f o l d i n g  boom mounted 
on t h e  solar shield fo r  c l o t h e s l i n e  attachment (Figure 8 9 ) .  A r e c e p t a c l e  
f o r  the 5082 canister f i l m  tree was  pos i t i oned  f o r  access  from t h e  t r a n s f e r  
works t a t ion  foot r e s t r a i n t s  dur ing  f i l m  t r a n s f e r  and from t h e  sun-end work- 
s t a t i o n  Eoot restraints dur ing  film magazine replacement.  
f i l m  magazlne stowage con ta ine r  w a s  a box-like design mounted t o  t h e  r i g h t  
of t h e  works t a t ion  on the  solar  s h i e l d .  The t rans la t ion  r a i l  and h a n d r a i l  
arrangement r equ i r ed  on ly  mfnor changes f o r  t h e  sun-end component l o c a t i o n s .  
The temporary 
A Crit ical  Design Review was conducted berween November 16 and 2 0 ,  
1970, t o  e v a l u a t e  t h e  total Skylab EVA system. In a d d i t i o n  t o  one-g and 
n e u t r a l  buoyancy s imula t ions  of t h e  f i l m  retrieval o p e r a t i o n s ,  an  eva lua t ion  
w a s  performed t o  determine t h e  adequacy of t h e  EVA l i g h t i n g  provisions. 
The p re l imtna ry  l i g h t i n g  requirements ,  which had been developed ear l ie r  
i n  t h e  yea r ,  r e s u l t e d  i n  some s t u d i e s  and l i g h t i n g  tests. These tests 
def ined  t h e  placement, o r i e n t a t i o n . a n d  i l l u m i n a t i o n  levels of t he  EVA l i g h t s .  
The l i g h t i n g  system was accepted du r ing  the review w i t h  on ly  minor changes. 
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Figure  89. ATM Sun End Film Retrieval Components 
Anti-glare  s h i e l d s  w e r e  added t o  some of t h e  EVA l i g h t s  t o  prevent  crew 
discomfort  and p o s s i b l e  performance degradat ion.  
l i g h t i n g  e v a l u a t i o n  are  presented i n  F igu re  90. 
o b j e c t ,  a t t a c h e d  t o  t h e  deployment assembly s t r u c t u r e ,  w a s  a DO21 expand- 
a b l e  a i r l o c k  experiment which w a s  later d e l e t e d  from Skylab. 
Photographs of t h e  
The s p h e r i c a l  shaped 
The EVA system was  accepted du r ing  t h e  Cr i t ica l  Design R e v i e w  w i t h  
l i t t l e  mod i f i ca t ion ,  and e f f o r t  concentrated on f i n a l  f l i g h t  hardware 
des ign  and crew t r a i n i n g  f o r  t h e  Skylab mission. 
f l i g h t  crew p a r t i c i p a t i o n  du r ing  development, minimal p rocedura l  changes 
occurred du r ing  t r a i n i n g .  
works t a t ion  i n  the FAS t o  a i d  Fn the replacement of a f a i l e d  f i l m  t r a n s f e r  
boom. A s  a result, t h e  replacement workstation w a s  developed. This  con- 
s i s t e d  of a h a n d r a i l  and a small section of aluminum channel,  mounted near 
t h e  s i r l o c k  tunnel., which served as a toe b a r  and heel r e s t r a in t .  I n  t h i s  
p o s i t i o n ,  all t h r e e  of t h e  f i l m  t r a n s f e r  booms could be reached and ex- 
changed. 
Because of t h e  c o n s i s t e n t  
The review had i d e n t i f i e d  a need f o r  a temporary 
V e r i f i c a t i o n  and i n t e r f a c e  t e s t i n g  continued through 1 9 7 1  and 1972 
The f i l m  t r a n s f e r  as t h e  f l i g h t  c o n f i g u r a t i o n  hardware became a v a i l a b l e .  
boom hook w a s  redesigned t o  make attachment and detachment t o  t h e  f i l m  
magazine handles  easier. The new hook secured t h e  magazine o r  sun-end 
f i l m  tree handle  w i t h  a lock ing  mechanism that exe r t ed  a c o n s t a n t  f o r c e  
(Figure 91).  
on t h e  f i l m  t r a n s f e r  boom w a s  unable  t o  withstand launch loads w i t h  t h e  
It w a s  determined f rom v i b r a t i o n  t e s t i n g  t h a t  t h e  end p l a t e  
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EVA Route FAS Florks-tat ion 
Center lJorks tat i o n  Sun-End Vorks tat ion 
. .. 
Flgure 91. Film Transfer Boom Hook 
hook installed. 
the  boom and hook so  that? the hooks could be stowed for launch and fn- 
stalled dur ing  t h e  f i r s t  EYA. 
the FAS area. 
To correct the problem, a quick-disconnect was added to  
A stowage box for the hooks was added i n  
Addi t iona l  i l l u m i n a t i o n  tests w e r e  conducted e a r l y  i n  1972, to 
determine the v i s u a l  effects of s o l a r  l ight lng  on t h e  ATM sun end nomen- 
c l a t u r e .  
from the c o n t r a s t  between the highly r e f l e c t i v e  c a n i s t e r  s u r f a c e  and the 
The rests a l s o  considered crew v i s i b i l i t y  problems r e s u l t i n g  
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!.ow r e f l e c t a n c e  inside.  the access doors  and f i l m  magazine receptacles. 
The tests were pe r€omed  on the. one-g mockup, which had been pa in t ed  t o  
simulate the color  scheme and ref lect ivi t ies  of f l i g h t  c o a t i n g s ,  u s i n g  
a 0.7 solar cons t an t  (Figure 92) .  
crewman's a b i l i t y  t o  see i n s i d e  t h e  c a n i s t e r . o r  read l a b e l i n g  w h i l e  
r e t r i e v i n g  the magazines. 
No d i f f i c u l t y  was encountered wi th  the 
F l g u r e  92. Solar I l l u m i n a t i o n  Study 
An ATM C r e w  Compartment F i t  and Function review was conducted 
du r ing  A p r i l  and May 1.972, to v e r i f y  ATM hardware operation and the 
crewman i n t e r f a c e  w i t h  the EVA equipment. Figures 93 through 96 
i l l u s t r a t e  Cypical %interface v e r i f i c a t i o n  performed dur ing  t h e  r e v i e w  
and i n d i c a t e  detai ls  of t h e  EVA f i l m  t r a n s f e r  equipment, 
flexible t a b s  on t h e  sun-end temporary stowage c o n t a i n e r  r e s t r a l n e d  the 
magazine du r ing  f i l m  exchange (Figure 96) .  This major i n t e r f a c e  review 
was  successfully accomplished and provided a f i n a l  conf i rma t ion  of t h e  
f l i g h t  equipment f o r  launch. 
The four 
The remainder of 1972  w a s  devoted t o  i n t e n s i v e  f l i g h t :  crew t r a i n -  
ing in the neutral buoyancy simulator. 
task procedures  were developed f o r  t h e  mission,  and s m a l l  ref inements  
were made t o  enhance the  crewman and equipment i n t e r f a c e s .  Figures 97 
through 102 show t h e  c o n f i g u r a t i o n  of the EVA system and d e p i c t  the EVA 
o p e r a t i o n s  performed dur ing  f i l m  r e t r i w a l  w i t h  the film transEer booms. 
The final detailed f i l m  retrieval 
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Figure 93. Center Workstation F i l m  Tree 
... 
. 
' ...i.. ... . .  . 
Figure 94. Typical Center Workstation Access Doors With 
Film Magazine T n , s t a l l e d  
Figure  95. Sun-End hc.c.css ~ O O K  With Film Magazine Installed 
Figure  96. SO82 Film Magazine in Sun-End Temporary Stowage 
Container 
The clothesline assemblies, shown in Figure 103, were stowed in 
containers at the s i d e  of the  f i l m  transfer booms. One end of each. clothes- 
line was attached to a ring at the boom receptacle befo re  launch. If deploy- 
ment of the clotheslines was required, the crewman had only to t rans la te  
with the free end to the ATM workstation. The film retrieval operations 
unique t o  the clothesline method of film transfer are i l l u s t r a t e d  in Figures  
104 through 107. 
By the end of 1972, the crew t ra1nin .g  was essentially complete, and 
the f l i g h t  hardware was being assembled for the Skylab launch. Contingency 
s tudies '  were performed to detemfne. system fa i lures  which could prevent ADf  
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Figure  97. V i e w  of PAS workstation w i t h  crewman p1ac:i.n; l6m c,amera, 
used to photograph the: EVA opera t ions ,  in 2 stowage position 
adjacent t o  the sun-end film tree. T h e  f-i1.m trmsfcr booili 
hooks are Installed 011 the booms arid fo:ided t:r the standby 
pos i t i on .  At t h e  crewman's r i g h t  are tb.e i m o i 1 1  cant:rol panel 
and a temporary magazine. stowage hook 
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Figure 98. Crewman transferring e-enter works ta t ion  f i l m  tree to 
temporary stowage receptacle. The 1 6 m  camera i s  shown 
in a temporary stowage p o s i t i o n .  
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FTgure 100. V i e w  of center workstation with crewman receiving 
replacement magazine on f i l m  transfer boom. The 
exposed magazine is secured to a temporary stowage 
hook on the clothesline bracket to the crewman's 
r i g h t  . 
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Figure  101. Crewman at transfer workstation receiving sun-end 
film tree on boom. The tree is removed f rom the  
boom and placed i n t o  the receptacle. on the solar 
shield t o  h i s  l e f t .  
Figure 102. V i e w  of sun-end workstation r d t h  crewman p l a c i n g  
exposed S082A film magazine i n t o  temporary stowage 
container. The replacement magazines are accessible 
from tlhe film tree t o  the left of the crewman. 
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Figure  103. C l o t h e s l i n e  Assembly and Stowage Container 
f i l m  r e t r i e v a l .  
the  ATX solar panels t o  deploy a f t e r  launch. Since deployment of t h e  
pane l  which covered t h e  center works t a t ion  was e s s e n t i a l  f o r  access, a 
manual method was devised f u r  extending t h e  panel  du r ing  EVA. 
s t r u c t u r a l  damage o r  jamming i n  t h e  c a b l e  deployment mechanism had occur- 
r e d ,  the t o rque  tube  could be r o t a t e d  w i t h  a socket: wrench, releasing t he  
launch lock  dev ice .  The pane l s  could then b e  forced t o  an  extended p o s i t i o n  
by o v e r r i d i n g  a c l u t c h  i n  the deployment mechanism a c t u a t o r ,  A procedure 
was developed i n  t h e  neutral  buoyancy s imula to r  and evaluated d u r i n g  Jan- 
ua ry  1973. The contingency s o l a r  pane l  deployment procedure Fs i l l u s t r a t e d  
i n  F igu re  108 through 111. 
Typical  of t h e  con t ingenc ie s  analyzed was a f a i l u r e  of 
If no 
The techniques and procedures f o r  r e s o l v i n g  such hardware f a i l u r e s  
were r e f i n e d  c o n t i n u a l l y  with f l i g h t  c r e w  p a r t i c i p a t i o n  up t o  t h e  launch 
of Skylab. The c a p a b i l i t i e s  f o r  EVA contingency o p e r a t i o n s ,  developed 
du r ing  t h i s  pe r iod ,  proved inva luab le  du r ing  t h e  Skylab mission. 
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Figure 104. V i e w  o f  FAS workstation with deployed clotheslines. The 
crewman I s  attaching the sun-end clothesline hook to the 
film tree for transfer. The center workstation clothesline 
is kept out of t h e  way with clips. 
in position to photograph the EVA. 
The 15mm camera is shown 
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Figure 105. Crewman at center workstation a t t a c l x h g  clothesline hook 
to deployed clothesline bracket. 
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Figure 106. Crewman at t r a n s f e r  workstation 'has deployed the sun-end 
clothesline bracket and is a t t ach ing  t h e  c l o t h e s l i - n e  hook. 
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Figure  107. Crewman receiving and placing I i l m  tree in sun-end 
receptacle from transfer workstation. 
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Figure  108. Crewman tnspecting so lar  pane l  depl .aperzt  hardware. 
A f t e r  a sce r t a in ing  t h a t  the mechanism is free of  
damage or  jammhg, he releases t h e  panel.  l a u ~ c h  lock  
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SECTION VI. CONCLUSIONS AND RECOMMENDATIONS 
The Skylab EVA system was aEfected by several major cluster c o n f i g -  
u r a t i o n  changes du r ing  i t s  development. The re-examination t h a t  ncc.urred 
a f t e r  each change c o n s i s t e n t l y  emphasized t h e  necessity f o r  EVA hardware 
t o  be as o p e r a t i o n a l l y  and mechanically simple as p o s s i b l e .  Many e a r l y  
c o n s t r a i n t s  w e r e  conse rva t ive ly  imposed because of l i m i t e d  f l i g h t  EVA 
experience and c r e a t e d  need le s s  complexity in des ign  of t h e  system. A s  
our understanding of man's c a p a b i l i t i e s  i n  t h e  space environment i n c r e a s e d ,  
t h e s e  c o n s t r a i n t s  were relaxed and t h e  i n t r i c a t e  elements of the s y s t e m  
were replaced by s impler  concepts.  
Two major f a c t o r s  which con t r ibu ted  t o  s i m p l i f i c a t i o n  of the EVA 
system. w e r e :  (1) Recognition of t h e  zero-g r each  and v i s i b i l i t y  capab i l -  
i t i e s  of a p res su re - s s i t ed  crewman. (Zero-g c a p a b i l i t i e s  may e i t h e r  con- 
s t r a i n  the des ign  approach o r  permit a l t e r n a t i v e s ,  which can e a s i l y  be 
unrecognizable .  Care must be taken t o  u t i l i z e  a l l  t h e  a v a i l a b l e  c a p a b i l i t y . )  
and ( 2 )  Careful a n a l y s i s  of EVA sub-task i n t e r a c t i o n  which ensured o v e r a l l  
t a s k  and equipment s i m p l i c i t y .  (Designing €o r  s i m p l i c i t y  i n  accomplishing 
one sub-task may i n c r e a s e  the  complexity of subsequent sub-tasks.  This  
interdependence must be  considered t o  opt imize the t o t a l  EVA system.) 
The test methods used t o  i n v e s t i g a t e  and v a l i d a t e  des ign  concepts  
a l s o  f a c i l i t a t e d  the EVA sys t em development e f f o r t .  However, phasing of 
t h e  EVA t a s k  s imula t ions  w a s  c r i t i c a l  f o r  e f f e c t i v e  cost c o n t r o l .  Ear ly  
conceptual  des ign  a c t i v i t i e s  should concen t r a t e  on ana lyses  and s imula t ion  
wi th  inexpensive,  low f i d e l i t y ,  one-g mockups t o  i d e n t i f y  major des ign  
problems. Zero-g s imula t ions  during t h i s  phase should be conducted o n l y  
t o  answer s p e c i f i c  ques t ions .  A s  t h e  design p a t u r e s ,  t h e  combination of 
one-g and n e u t r a l  buoyancy s imula t ions ,  w i th  i n c r e a s i n g  hardware f i d e l i t y ,  
is  ve ry  effect ive i n  s e l e c t i o n  of t h e  b e s t  des ign  s o l u t i o n .  
The same, al though abbrev ia t ed ,  developmental approach may be 
followed t o  c o r r e c t  o r  a l lev ia te  unexpected malfunct ions by EVA during a 
mission.  Af t e r  i d e n t i f y i n g  a l l  p o s s i b l e  methods of accomplishing t h e  t a s k  
and a l l  usable onbaard equipment, several s o l u t i o n s  will appear f e a s i b l e .  
Those cand ida te  s o l u t i o n s  o f f e r i n g  t h e  b e s t  chance of s u c c e s s f u l  develop- 
ment should be t r i e d  i n  brief s imula t iuns  and a method s e l e c t e d .  Fu r the r  
s imula t ions  then a r e  used t o  r e f i n e  t h e  hardware d e s i g n  and develop f l i g h t  
procedures.  
The o r b i t a l  workshop solar a r ray  deployment development is  a good 
example of a contingency EVA performed on Skylab. Three t r a n s l a t i o n  
methods were identr i f ied and two d i f f e r e n t  t r a n s l a t i o n  r o u t e s  were considered.  
The t h r e e  b e s t  o p t i o n s  were t e s t e d  i n  b r i e f  s imula t ions  and one selected.  
Three methods of e r e c t i n g  t h e  a r r a y  w e r e  t e s t e d  and one s e l e c t e d .  This  
i t e r a t i v e  approach has  been shown t o  be a powerful t o o l  which need no t  be  
t i m e  consuming nor expensive. 
1 2 3  
Skylab has shown o r b i t a l  EVA t o  be a u s e f u l  adjunct  t o  sc i en t i f i c  
missions. 
tasks with l imi ted  additional dwelopnent required. An evaluation of the 
Skylab EVA system mission performance i s  presented in ‘%ISFC Skylab Crew 
Systems Mission Evaluation Reporr,” TMX-64825. 
A conservative, s imple  and f lex ible .  EVA system can s u p p o r t  many 
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